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Peter Mark Jansson, P.P., P.E- 
HYDROCATALYSIS: A NEW ENERGY PARADIGM FOR THE 21 st CENTURY 

May 1997 

Dr. John L.Schmalzel, P£. - Thesis Advisor 
Graduate Engineering Department 

This thesis will review the problems of worldwide energy supply, describe the 
current technologies that meet the energy needs of our industrial societies summarize the 
environmental impacts of those fuels and technologies and their increased use by a 
growing global and increasingly technical economy. This work will ah* .describe and 
advance the technology being developed by BlackLight Power, Inc. [BLP], a scientific 
company located in Malvern, Pennsylvania. BLP's technology proports to offer 
commercially viable and useful heat generation via a previously unrecognized natural 
phenomenon - the catalytic reduction of the hydrogen atom to a lower energy state. A 
review of this experimenter's laboratory data conducted as part of this research as well as 
that of others is provided to substantiate the fact that replication of the experimental 
conditions which are favorable to initiating and sustaining the new energy release process 
will generate controllable, reproducible, sustainable and commercially meaningful heat 
By the end of the thesis the reader will have substantial information to draw a conclusion 
for themselves as to the potential of BLP technology to achieve commercialization and 
become a new energy paradigm for the next century. 
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Dr. John L.Schmalzel, P.E. - Thesis Advisor 
Graduate Engineering Department 

This thesis reviews the technologies used worldwide to meet the energy needs oi 
bur industrial societies. This work also describes a new technology being developed by 
BlackLight Power, Inc. [BLP] of Malvern, Pennsylvania. Laboratory data of the author 
as weU as that of other scientists substantiates that the new BLP energy release process 
generates sustainable, commercially meaningful heat 
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^ynworATALYSIS: 
A New Energy Paradigm for the 21st Century 



Introduction and Thesis Overview 

This thesis will review the problems of worldwide energy supply, describe the 
current technologies that meet the energy needs of our industrial societies, summarize the 
environmental impacts of those fuels and technologies and their mcreased I use by a 
SowuTglobal and increasingly technical economy. After reviewing both ^ renewable 
^-renewable options we have as a society, this work will describe , ^ advance the 
^chnology being developed by BlackLight Power, Inc. [BLP], a scientific company 
rc^ ifMalvekpeni^vania. BLP's technology proports to offer commercially 

vSfca« 

catalytic reduction of hydrogen to a lower energy state. This reduction of hydrogen to 
^n^ntum energy kvels is based upon a radical modification to the ^oretical 
Wrogen atom energy equation developed by E. Schrodinger and W. Heisentergin 1926. 
Dr. Randell Mills of BLP has proposed that a new boundary condition, derwedfrom 
Maxwell's equations, be applied to that fundamental hydrogen equation. Dr. Mills 
mo^then would suggest a purely physical model of particles, atoms, molecules and 
oWl^Lology. ffis mathematical solutions contain fundamental constants only and 
energy v^s predicted by his theoretical approach agree in a most compelling way with 
observations scientists have made of the universe and stars. 

This source of energy is proported to comprise a significant portion of the ^radiant 
energy created by stars. The new form of hydrogen atoms with the* elector* belowthe 
cS«ground" state have been named -hydrinos" by their dis^ver^ 1^. Muls. BLP 
schists Wieve it is this matter that comprises the significant part of the dark matter of 
space. It will not be the attempt of this engineering thesis to debate the merits of Dr. 
Mills' theory in this regard but rather to review and sometimes replicate the scientific 
calculations and supporting data which indicate the merits of the existence of hydrmo* 
This thesis will also review this experimenter's laboratory data as well as that of others 
that substantiates the fact that replication of the experimental conditions which are 
favorable to initiating and sustaining the new disproportionation process will generate 
controllable, reproducible, sustainable and commercially meaningful heat It will 
describe the technologies currently used in the disproportionation reaction, report on the 
state-of-the-art for the BLP technology and state the author's opinion as to this 
technology's potential for successfully addressing [or solving] some of the global energy 
issues above, [environmental degradation from growing energy use, limits to energy 
supply at forecasted growth rates, etc.] 
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use coal for heating as well as wind and water power for grinding grains [26,000 kcal daily 
per capita - 30.2 kWh). During the Industrial age of the 19th century we added the steam 
engine as a source of mechanical energy and increased the use of fuel energy in homes for 
lighting and heating [77,000 kcal daily per capita - 89.3 kWh]. Modem technological 
society uses the internal combustion engine for transportation, electricity for appliances and 
comfort which find their energy source in fossil, hydro and nuclear ^ls which power 
steam turbines, furnaces and generators [230,000 kcal daily per capita - 266.8 kWh daily 
per capita] m This trend indicates that as we improve the quality of life for society a 
comrnensurate increase in direct and indirect energy use is requisite. World energy and 
economic statistics today also demonstrate that there is a direct correlation between a 
nation's gross national product [GNP] and its energy consumption. The countries of 
EthiopiajLi, Malawi and Niger all have GNPs less than $250 per caprtewhde energy use 
is less than 0.4 barrels of oil per capita per year [680 kWh/yeai* In <™?^ ^ 
Norway Canada and Sweden are leading economic nations with over $10,000 o f GNP per 
^ V^Zin excess of 40 y^ol^ camper y^l^kY^ Thisone 
hundredfold increase in energy use is not a coincidence. It 

evolution of society from a primitive [2.3 kWh] to technological [266.8 kWh] level of 
advancement and is illustrative of the critical role energy plays m increasing societal 
maturity, quality of life and productivity. 

The sections which follow illustrate the fuels, technologies and methods used 
around the world to sustain this societal evolution and summarize limits on these elements 
which must be addressed in order to avoid major problems as the now developing nations 
rwhere over 3/4 of the world's population resides] strive to achieve western standards of 
living through industrialization. Table 1.1 below summarizes the current levels of energy 
use in the world and U.S. as of 1995. 



TABLE 1.1 - 1995 Energy Use by Fuel Type 

(in trillions of kitowatthours) 



Energy Source 
Fossil Fuels 



Nuclear 
Solar 

TOTAL 



Natural Gas 
Petroleum 
Coal 
Fission 
HydroElectric 



Worid 


U.S. 


U.S. % of World 


22.7 


6.6 


29.2% 


39.5 


10.1 


25.5% 


26.8 


6.1 


22.9% 


7.1 


2.2 


30.3% 


2.5 


0.3 


10.6% 


98.8 


25.3 


25.6% 
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It is important to note that only commercially traded fuels are included in the summary data. 
The overview provided in Chapter 1 of this thesis presents the energy sources in an order 
prioritized by the contributions these sources make to industrialized society today. 

Chapter 1 - Alternate Technology Overview 

Prior to the announcement of the hydrocatalysis process being put forth by 
BlackLight Power there were fundamentally only five known sources of energy. In 
addition to the most commonly exploited, fossil fuels, there are nuclear [both fission and 
fusion], solar [in its many forms], geothermal and tidal. 14 ' Table 1 .2 below briefly 
summarizes the major energy sources available in our society. 



TABLE 1.2 - Energy Sources and Technologies 
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Energy Source 
Fossil Fuels 

Nuclear [Fission] 

Nuclear [Fusion] 
Solar 



Geothermal 



Tidal 

Hydrocatalysis 



Fuel Type 

Natural Gas 
Petroleum 
Coal 
Shale OB 
Tar Sands 
Uranium 

Plutonium 
Hydrogen 
Solar Thermal 

Photovoltaic 
Bbmass 

Hydroelectric 

Wind Power 

Ocean Waves 

Ocean Thermal 

Geopressured 

Hot Dry Rock formations 

Hot Water Res. 

Normal Grad. Res. 

Natural Steam 

Molten Magma 

Potential Energy of 

Earth-Moon-Sun gravity 

Binding Energy of Hydrogen 

Atom [p* to e* relationship] 



Technologies in Use 

Heaters. Furnaces, Bofers, etc * 
Heaters, Furnaces, Boilers, etc. 
Heaters, Furnaces, Boilers, eta 
Processing fadfity yields petroleum 
Processing factfity yields petroleum 
PWR creates steam /electricity 
BWR creates steam / electricity 
Breeder technology - LMFBR 
No Technology Exists as of Yet 
Passive & Active Water Htg. Systems 
Passive & Active Space Htg. Systems 
Power Tower/Parabolic Dishes / Troughs 
Amorphous CeQs 

Crystaffine CeRs [single, mufti, etc.] 
Wood, Seaweed, algae, etc. 
Agricultural Crops [alcohol, waste, etc.] 
Municipal Sofid Waste [paper prirnarilyl 
Reservoirs, dams, water wheels, 
generators, pumped storage 
Wind Mills. Sailing, Turbines [VA/HA] 
Pilot Systems - Compressoi/Generator 
OTEC Design [1930. 1975] 
Heaters, Turbine/generators 
Heaters, Turbine/generatDrs 
Water and Space Htg. Systems 
Heaters, Turbine/generators 
Heaters, Turtle/generators 
No Technology Exists as of Yet ' 
Reservoirs, dams, generators 

Dsprcportiorurfion Furnace 
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For each energy source the types of fuels used and the technologies in use today which 
convert those fuels into useful work and energy for humans is highlighted. 



1.1 Fossil Fuels 

In the United States fossil fuels provide 89.2% of the energy we consume. In 1995 
this consisted of a combined consumption of coal equivalent to 787 million tom r^ year, 
natural gas of about 22 trillion cubic feet per year and petroleum product use of 5.9 biLUon 
barrels per year 151 It is clear that an industrial society like ours could not continue without 
these resources. Globally in 1995 our societies consumed 3441 million tons per year of 
coal 75 trillion cubic feet per year of natural gas and 23.3 billion barrels per yev of 
petroleum 151 The U.S. was the leader in the global use of fossil fuels sp^ificdly 
petroleum] from the very beginning of its industrialization with the odstnke of Edwin 
^einTitusville,Per^lvaniain 1859. "By 1909, when the industry was just 50 years 
old, the United States was producing 500,000 barrels a day, which was more ^was 
produced by all the other countries combined." 161 We remained dominant in the P^«» 
production and manufacturing markets through 1950 when we still produced over 50% of 
the world's supply. The key reactions for each of the fundamental fossil fuel types are 
shown below in Table 13. 

TABLE 1.3 * Energy Release Processes for Fossil Fuels 



Fossil Fuel Type 

Natural Gas 
85% Methane[CHJ 
15% EthanelCjHd 

Bottled Gas 

Propane [C^HJ 
Butane [C^d 

Petroleum 

Gasoline 
PentanefC^l 
HexanefCeHtJ 
HeptanelCrH 16 ] 
Octane [CeH,d 

Coal 

contains carbon plus 
impurities 



Chemical Reactions] 

CH 4 + 202 -> C0 2 + 2(H20) 



20^ + 90a -> 4C0 2 + 2CO 
+ 8(^0) 



CeHw+1202 -> 7C02 + CO 
+ 9(^0) 



By- Products 

C0 2 , CO, water, hydrocarbons 
and heat [exothermic reaction] 



COa ,CO, water, hydrocarbons 
and heat [exothermic reaction] 



COj .CO, water, hydrocarbons 
and heat [exothermic reaction] 



C + O2 -> C0 2 + CO 

S +02 -> SO2 [plusSOJ 

N + 0 2 -> N0 2 [ plus NO, NOa. NOJ 



C0 2 ,CO, SOa , NO* water, 
hydrocarbons, SO,, NO, 
particulates, etc. and heat 
[exothermic reaction] 
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It is important to note at this point that all fossil fuels release their energy to man through 
the chemical reduction process known as oxidation. In this reaction the energy that has 
been stored in carbon and hydrocarbon chains created during the early history of the earth 
[250-500 million years ago] is released. In this chemical reaction oxygen combines with the 
carbon fuel in the presence of heat to release additional heat and form water, carbon-dioxide 
as well as a host of other hydrocarbons and by-products. 

The impact on the environment of the use of the stored chemical energy provided in 
fossil fuels is significant "One example is the added burden of carbon dioxide in the 
earth's atmosphere, with its corresponding potential for modifying the world's climate. 
Other examples . . , include the acidification of the atmosphere and surface waters, . . . early 
deaths of thousands by sulfur dioxide in the air, . . . ozone formation, . . . problems of coal 
mining, . . . acid drainage, . . . carbon monoxide and other pollutants from auto traffic, . . . 
thermal pollution of rivers and lakes".' 71 We must add to those impacts the environmental 
degradation to the air, water and soil that is caused by the release of large quantities of these 
direct pollutants and the other heavy metals and radioactive elements stored by nature in 
these fuels [lead, mercury, etc.] It was not until the burning of fossil fuels during the 19th 
century that the element lead began being deposited in regions as remote as the arctic and 
continent of Antarctica Many scientists believe that the acidification and resulting "deaths" 
of many high altitude lakes have been caused by the release of the pollutants generated by 
fossil fuel combustion [by industry, homes and in automobiles]. The increased sulfur 
dioxides and nitrogen oxides generated by industrialization are present in the atmosphere 
and lead to "the formation of acids, primarily H 2 S0 4 and HN0 3 , from these pollutants and 
the resulting damage caused by the acidic rain formed is a story of growing importance." 
Presently the latest environmental alarm sounded has been that of global wanning, a 
proported wanning crisis attributable to a significant increase in the presence of so-called 
greenhouse gases. The earth's surface radiates thermal energy in the infrared region 
[approximate wavelengths of 4 to 20 jun] which keeps the global environment cooling at a 
steady rate. Carbon dioxide [COJ, methane [CH4] and nitrous oxide JN 2 0] represent 
molecules formed by the use and manufacture of fossil fuels which trap heat at the above 
wavelengths, heat that would otherwise be radiated from the earth into space. "Carbon 
dioxide now accounts for about two-thirds of the greenhouse effect, methane about 25% ." 
m These environmental impacts caused by growing fossil fuel use are forcing many nations 
to rethink the role these fuels will play in the future. 

The limited amount of fossil fuel resources poses a second major risk to continued 
expansion of the global economy. At present rates of consumption these fuels only have a 
limited remaining supply, on the order of decades for a few of them to less than a century in 
the case of coal. [See Table 1 .4] In order to meet the needs of our increasingly advancing 
and growing societies we must find alternatives. Additionally we must preserve some of 
these fuels since they also serve as key chemical stores in many critical manufacturing and 
medicine roles in industrial society. If we conservatively grow the current rates of fossil 
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fuel consumption for the energy sector to include the demands that will likely be placed on 
the finite supply by the developing nations as the globalization megatrend continues we find 
that the lifetimes are much shorter still. 



TABLE 1.4 - Fossil Fuel Reserves and Resource Lifetimes 



Fossil Fuel Type 



Proven Reserves* 



Est Remaining Lifetime* 



Oil 



Global 
U.S. 



xicfbbl 
72x10 9 bb! 



40 years 
16 years 1 



Natural Gas 

Global 
U.S. 



5185x10 12 tf 
600x10 12 ft 3 



60 years 
20 years 



Coal 



Global 
U.S. 



7.64 x10 12 tonne 
1.5 x10 12 tonne 



200 years 

86 years, 66 years 



* Remaining as of 1990 

ll^S^S'JSSorted more o3 than B has exported. In 1984 ** U.S. v^r^tng 50% of ten^ 
— AuLrent consumption rate increased by 5% per year. V coal «ba«U.S.ei^ needs when other fuels deplete 



As the limits to the fuel reserves in Table 1.4 are approached the price of energy will 
begin to climb steadily. It is important to note that one of the key drivers to economic 
expansion is the readily available supply of affordable energy. Already we see a migration 
of industry in this country moving from the high-energy cost areas [Northeast and 
California] to the more inexpensive energy cost areas of the Northwest and Southern states. 
Many industries which were energy intensive have left the service area of Atlantic Energy 
[southern New Jersey] to move south over the past decade to North Carolina or another 
lower energy cost state for primarily energy reasons. [NOTE: economics has played the 
major role in corporate decisions to relocate from Atlantic Energy's region including costs 
associated with energy, taxes, employment and environmental compliance] We can 
estimate that on a global scale the trend will be the same, nianufacturing [and the associated 
benefits of its economic engine] will move to where energy, overall manufacturing and 
labor costs can keep the company competitive. As industry and nianufacturing leave the 
U.S. for less developed nations the commensurate growth in energy demand and desire for i 
higher standard of living on the part of those nations' workforces will all press the global 
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energy reserves via higher growth rates in consumption. Examples of this include the 
nations of Indonesia, Malaysia, Thailand and Vietnam where the annual growth in 
electricity demand has become double digit during the last 10 years. Were the nations of 
the developing world [China, India, Southeast Asia, Africa] to develop an energy appetite 
just a fraction as great as their technologically advanced sister countries [U.S., Canada, 
Japan, Norway, Sweden] the pressure on the limited global reserves and the strain on the 
atmosphere would become severe. 

This researcher estimates that the values in Table 1 .4 for the expected remaining 
lifetime of global fossil fuel reserves can be reduced by as much as a factor of 2 if the trend 
in third world energy development follows the forecasts outlined by the World Bank. As 
these pressures on conventional fuels drive price upward shale oil and tar sand reserves as 
well as many enhanced oil recovery technologies will become more economic. 

An excellent illustration of the demands placed on energy by a developing, 
mdustrializing society is illustrated by the following two figures. Figure 1.1 demonstrates 
the relationship between energy consumption and economic-activity based upon figures 
developed in a Scientific American article in 1971. 1,11 Figure \2 develops similar data on 
per capita gross national product vs. annual energy consumption based upon World Bank 
data in 1987. 1 " 1 If one observes the nation of Japan on both figures and considers the 
position it had in the global economy in the early 1970s contrasting it with the economic 
powerhouse it was becoming by the late 1980s we can see the increase in energy demand 
that was placed upon the global energy market in order to sustain that one country's 
economic advancement Japan's population in 1961 was 892 million' and it grew to 
1 19.5 million in 1983. 113 ' In 1971 Japan's populus consumed approximately 33 x 10 Btus 
per capita [9,669 kWh] annually. In the short 16 years of their continued economic growth 
between 1971 and 1 987 their energy use per capita grew to 22 barrels of oil [37,400 kWh] 
annually. This represents a 4 fold increase in per capita consumption and a 5 fold increase 
in overall national energy consumption [based upon a 1971 population of 103M and a 1987 
population of 125M]. This energy growth correlates directly with their GNP growth from 
$550 US [1971] to $12,000 US [1987] and the extensive industrialization of their economy. 
Japan's energy consumption now is 43,285 kwh per capita [1995] and while it continues to 
grow, their population remains steady at 125M . Were a single, large developing nation 
such as India [population 936M in 1 995] to undertake an economic expansion similar to 
Japan the impact on global fossil fuel markets would be substantial. India's per capita 
energy consumption in 1995 was 2,563 kWh annually, were they to reach Japan's per capita 
energy use it would represent a 17 fold increase in their energy use. By 2020 they would 
become a nation that consumes 5.7 x 10 u kWh annually [assumes continued current 
population growth rate and acheivement of Japan's level of industrialization and 
commensurate per capita energy usage]. India's one year energy use in that year would 
represent 64% of the entire World's energy consumption in 1995 [see Table 1.1]. At those 
usage rates that one nation alone could consume the entire world's remaining supply of oil 
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in less than 30 years. In aggregate, the developed nations' growing energy consumption 
rates combined with their continued population growth will substantially reduce the 
estimates of fossil fuels' expected remaining lifetimes from those shown in Table 1 A 
"There is no escaping the reality. . . fossil fuels are formed over very long time periods, and 
although some new deposits will certainly be discovered, there will be no significant 
increases in the world inventory over human history. .. the era in which we live is 
extraordinarily specialized and is set off from all human history and future on tins planet by 
our use of fossil fuels. These energy resources were laid down over hundreds of millions of 
years during the earth's evolution, and they are now being consumed in what is essentially 
an instant in our occupation of the planet" 114 ' Without the discovery and development of an 
environmentally friendly, inexpensive energy source to significantly offset the cor^umption 
of these ancient energy reserves, we will enter the new millennium only to quickly find that 
the standard of living developed by western civilization is not a sustainable one. 

FIGURE 1.1 



rtetaBonihtp between energy consumption 
end economic activity. 

(Based on an original in Scientific American, vol. 224. No. 3 (1971) 
200 . 



175 



5.^ 150 , 

>> 5 . 

flg 12 s •Canada 

O. — — - — — ^ — — — — i 

8 , # Great Britain 



USA« 



8* 
PS 

© 
C 
Ui 



l&> • # Austraiia 

%l 75 Germany (Fed. Rep.) • ^gweden 



50 


• USSR 
• Hungary 


# France 




25 


• Ireland 
• Japan 






0 


• # Nigeria , « 


i i 1 


1 




0 500 1000 1500 2000 2500 
Gross national product US dollars per capita 


3000 



9 



Master of Science in Engineering Thesis 
Rowan University 



Peter Mark Jansson, P.P..P.E. 

Page 10 of 73 



FIGURE 1.2 Per Capita GNP vs. Per Capita Energy Consumption 
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Figure 1-15 Per capita gross national product in 1985 dollars and per capita energy 
consumption per year in terms of the equivalent barrels of oil. (Source; World Bank 
[1987]. Adapted from E. S. Cassedy and P. Z. Grossman Introduction to Energy, re- 
sources technology and society. Cambridge: Cambridge University Press [1990]-) 
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12 Nuclear Energy - Fission and Fusion 

While the fissionability of uranium was first discovered in 1938 it was not until 
Enrico Fermi constructed a sustainable nuclear reactor in 1 942 that &e usefulne^of this 
Sog^for energy production was truly demonstrated. In a parallel way * ^wmch 
5S, iStroScf b^ds between carbon atoms are broken down through chemical 

-§5? Wti^eto^fco^ to be convert to energyvm 
energy available is 22.7 trillioukWh, this is 32 billion times more energy. 

FIGURE 1.3 Neutron Induced Fission of W U 
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This process of working on the nuclear bonds of the atom, rather man mechemical bonds of 
r^ecXTeLes a significant amount of the nuclear binding energy vnto tte atom. 

fission reaction in Table 1.5] from the fission reaction which can Jen go and impact 
Sonat^nium nuclei to keep the bombardment o-urring wtthout ext^lne^ 
input Control rods used in commercial nuclear power plants provide a moderating effect 



U 



Master of Science in Engineering Thesis 
Rowan University 



Peter Mark Jansson, P.P..P.E. 

Page 12 of 73 



on the reaction by absorbing excess neutrons in order to slow or to bring the reaction to a 
stop. The process outlined above is used in both pressurized water reactors [PWR] used 
significantly in nuclear submarines and power plants as well as in boiling water reactors 
[BWR] used widely for commercial applications. 



TABLE 1.5 - Energy Release Processes for Nuclear Fuels 



Nuclear Process 
Fission 
Breeder 
Fusion 



Nuclear Chain Reactions] 

^ 144, 



+ 89 Krs3 + 3n 



n + 2*U -> 



239 k 



Np -> ^Pu + >1n 



Energy Release 
+ 177 MeV 
+ 177 MeV 



H +^0 -> 2 H, + p 4 + v + energy (1) 
H+^i ~ > 'He,* energy (2) 
3 He, + 3 He, -> "H^ + 2 f Ho + energy (3) 
4 1 h„ -> 4 He 2 + 2P* + 2v + energy 



Detailed descriptions of the nuclear energy process is not within the scope of this 
research but rather an overview of these technologies and their associated economic and 
environmental risks are described below. 

The breeder reactor is a concept not yet fully commercialized which takes advantage 
of the fact that free neutrons are not only capable of inducing fission via a conversion of 
as U to 236 U, but are also as equally capable of converting a ^OJ atom into Tu. This is 
very valuable since a9 Pu is also a fissionable material capable of acting as a fuel in standard 
nuclear reactors. If the design of a breeder reactor could be optimized to create additional 
239pu while also creating uranium fission it would be a reactor that created its own fuel and 
would significantly increase the lifetime of nuclear fuel materials. 

Fusion is a nuclear reaction that occurs commonly on the stars and in the case of our 
sun is likely the source of approximately 60% of the energy it provides. This estimate is 
based upon observed solar neutrino flux as measured by the Gallex solar neutrino detector 
in Italy.' 151 As shown in Table 1 .5 above according to the Standard Solar Model fusion 
begins with the combining of two hydrogen nuclei (protons) to form a deuterium nucleus. 
The process then continues to build a heavier helium nucleus all the while releasing large 
amounts of the nuclear binding forces within the atom. For a more complete explanation of 
this process the reader is referred to pages 108-1 1 1 of "Energy and Problems of a 
Technical Society" which is an excellent summary of energy technology information 
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referred to often in this paper. Due to the very high temperatures involved, the limits off 
^mLrialsand^ 

has not yet been established it is unlikely that significant additional ^funding ^8Pm*«« 
Spml^ffusion. ^TokainakFusionTestRe^^^ 
University Plasma Physics Lab was designed to answer some of the^J^damentol 
S It appears L after significant resources have been invested in this te* those 
^^M^ot^^y^ss^. TTjemHwasshutdownonApnlS, 

1997 "many say prematurely ... for lack of money". 

IntheU S. during the last decade no new nuclear power facilities ihave ^opened, 
orderedor^ed. Thifis due in large pan to 4 prim^ ^ev^pm^d^epast 15 
TW facilities have become very expensive to build and meet all iNuciear 

such facilities. When nuclear ad vocates were t^^^^ Sd not 

i qah'c a „H i Q70's it was believed that the energy would be so cheap that utilities wouiu nui 

i- r~ tinnn l 500 uer kilowatt escalated to often over $4,000 per Kilowatt. Many 

!««cciv e costs This is clearly one of the key reasons utilities are not interested in tne 

Tat^ lTbeZ: indicates the lifetimes of radioactive materials generated as by-products 
from the nuclear industry. 

TABLE 1.6 - Nuclear Fission By-Products Radioactive HaltW 111 



Radionuclide 

233 U [uranium-232] 
^Pu lplutorauin-2391 
^ piydrogen-3, tritium] 
*°Sr lstrontiunv-90] 
131 l podtne-1311 
137 CS [cesium-137] 
^Kr [krypton-85] 



T 1H [Haltlife] 

1.59x10 9 years 
2.41 x 10* years 
12.35 years 
29 years 
8.04 days 
30.17 years 
10.72 years 



Decay Particle 



P" 
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It is clear that wastes from the nuclear industry will need to kept away from the human 
population and environment for excessive lengths of time [often exceeding many 
generations]. Although this was known in the early years of this technology, as of today, 
after over 20 years as an active industry, the government and utilities have yet to find an 
acceptable long-term high level waste repository. It is unlikely that the nuclear industry in 
the U.S. will see any significant expansion during the next few decades. In Sweden 
recently the government ratified its 1 7 year old promise to remove all nuclear reactors from 
service in its country by 2010. The first two reactors will be officially removed from 
service in 1998 and 2001 "before their technical life expires". 1191 This leaves only France, 
Japan and a few developing nations that will be expanding their commitments to nuclear 
fission as a viable energy source for the future. 



L3 Solar Energy 

Without a doubt the most widespread form of energy in the universe is the energy 
radiated from the stars. Specifically in our solar system, the Sun is the source of nearly all 
forms of useful energy. From the fossil fuels first formed by carbon fixing organisms 
[plants and animals] in the presence of solar energy 250-500 million years ago to the 
hydroelectric plants operating on major rivers, the Sun is responsible for creating the 
potential energy each represents. This section will briefly summarize all of the primary 
forms of solar energy and prioritize their discussion from the most economical and 
technologically ready to the forms that are the least economical and require the most 
additional development It is important to note that although significant attention is given 
to these sources of energy because of their potential for the future, at the present time solar 
energy in all of its forms represents less than 3% of the World's commercially traded forms 
of useful energy. Of that small fraction over 90% represents the use of solar energy in the 
form of hydropower. 

The most developed form of solar energy is hydroelectricity. Ihe hydrologic cycle 
driven by the sun evaporates over 5.5 quadrillion cubic feet of water from the earth every 
year. This same energy falls back to the earth in the form of rain and the potential energy of 
water at higher elevations. Of the more than 1 00 quadrillion kilowatthours of energy in the 
hydrologic cycle only a very small portion is harnessable. Most precipitation fells bade into 
the oceans with only a fractional amount falling upon dry land at higher elevations where its 
potential energy becomes available for exploitation via rivers, dams, waterwheels and 
hydroelectric generating facilities. World energy usage statistics indicate that in 1995 we 
were providing approximately 23 trillion kilowatthours 1201 of our global society's energy 
needs through hydroelectric sources. This represents approximately 2.5% of all energy 
consumed Man's use of falling water to displace human and animal energy dales back 
over 2000 years. Hydropower also played a major role in the industrialization of western 
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Europe the 1 6th century when waterwheels served as the primary powerhouses. While 
^beieve L poSal for exploiting more hydrops is great there are -™™ e *^ 
Stations anTsocial concerns that make extensive expansion ualikely JDue to the need 

dlSnS of people as well as restriction of the normal ecology of *e nve^WMe ,t 
^r^ignmlt capital investment, where it can be practically developed 
hydropower remains an economic source of electricity. 

The most widely known and experienced form of solar energy is ^ 
signified majority of me Worid's now 5 JO*. ^XSS^ ££L 
on a daily basis. The biomass category reports fuelwoo^ c ^^^ £ ^ 

MwTeaL Vegetables, fruits and other animals all received*** energy from the solar 
source as well through the process of photosynthesis shown below: 

LIGHT 

6C02 + 6H 2 0 > CftHuOfi + 60 2 

commercial development 

Another widely experienced form of solarenergy is the cheating of team 
i^SSZZmLSu. FromthehigUytechnologi *J^~^3£L 
Se aSlcnve »Ur space and waer heating systems) to the 
Stesl for a siestalrttm, the human race daily takes advantage of medneetv^rrmng 
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available from the sun. Many societies still use the sun for drying grains [such as rice] as a 
critical step in their agricultural process. In the U.S. the most prevalent form of solar 
thermal energy use is in passive and active heating systems for homes as well as heating 
systems for hot water. During the late 1 970s and early 1 980s the Federal government 
provided significant tax incentives for renewable energy systems. This led to many 
domestic solar hot water heating systems being installed throughout the country. These 
systems typically consist of a solar collector device that traps incoming short wavelength 
incident solar radiation and upon collision with a dark, metallic 'absorber' plate the light 
energy is converted directly to heat [or mechanical molecular vibrational energy] in the 
absorber plate. This collector is typically called a flat-plate solar collector. The absorber 
plate typically has an antifreeze solution which runs through it [i.e. it acts as a heat 
exchanger to move the incoming solar energy it absorbs into the fluid] and this fluid is used 
to capture, move and store the solar energy for use either in a hot water system or for 
heating a home or building. Another example of solar thermal energy systems is the 
focusing collector which comes in various shapes, sizes and configurations. From the 
Solar One power tower demonstration in Barstow, California which had a commercial 
production of 10 megawatts, to modular, parabolic dish and trough systems that collect 
watts to kilowatts of power, directly focusing the sun's energy on a light-absorbing surface 
can create commercially meaningful heat The drawbacks with all of these systems was that 
they were never economically attractive. Most solar thermal heating systems have between 
a 15 and 30 year simple economic payback. Without significant social policy change or 
government subsidy these types of heating and energy production systems will not be 
commercially significant 

Another solar resource is wind power. In 1995 it was estimated that geothermal, 
wind and solar of all types accounted for nearly 5% of the world's primary electricity 
generation [ie; 0.5% of the world's total energy resources]. This resource was used from 
the most ancient of times by mariners in their quest for increasing the speed of their then 
human powered vessels to the applications of water pumping and grain grinding by animals 
in Europe and America in the 19th and 20th centuries. Wind power is still used in many 
locations throughout the world for these purposes. As an electricity generating source wind 
power first began to find its way into the marketplace in the 1970s and 1980s in both 
Europe and the U.S. While we know that the mechanical motion of air is a direct 
consequence of solar heating of the planet it has always been a challenge to economically 
extract the energy in this air movement Modem wind turbines are designed to remove the 
kinetic energy in (he wind and use that energy to turn a generator to provide electricity. 
They do this by placing their aerodynamically efficient blades into the wind to enable the 
mechanical force of the wind to cause those blades to rotate and sweep over a large area. 
Present technologies include vertical axis wind turbines as well as horizontal axis wind 
turbines; manufacturing is dominated by the latter at the present The energy that can be 
removed by a wind turbine is proportional to the area its blades sweep out as well as the 
cube of the wind velocity. For this reason most turbines are mounted on towers to place 
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them more aloft where higher wind regimes are present In areas of moderate to high 
annual wind speed, wind turbine generators are able to create electricity at approximate y 
$.05 per kWh assuming a 20 year equipment life. It is difficult to find areas where local 
citizens are willing to allow wind facilities to be located at the present time and it is also 
increasingly difficult to find investors willing to tie up their capital for a project that 
produce^lectricity at a higher cost than where the electricity market is at present [i.e. $.02- 

03perkWh). 

A widely acclaimed technology that showed promise in the 1980s of becoming a 
major player in the solution to the energy crisis is photovoltaic* These are sermconductor 
feta nLe of materials that are designed and oriented in such a w*y as to convert light 
^[photons] directly into electrons at efficiencies of 5-30%. PV devices bein^ 
Sp^ commercial!^ "employ similar physics in their operation. The photovoltaic effect 
J cSwhen incoming photons interact with electrons in a semiconductor rnatenal so as 
ro c^atoTcLer pair, an electron and a "hole". Each PV device is constructed with 

lay- so as to maximize me ceU's abmty^to se^ the 

Sge cLersand keepthem separated so as to ^^"^J*^?*" 
theinconiing light is present to induce this voltage. The photovoltaic effect was first 
^3nyearold French physicist Edmund Becquerelmu.e 1850s when he was 
experimenting with batteries. He noticed that his batteries were ^ e to 
SSmtlymore energy in the presence of light than when shaded m&e darkness He 

Srind the photoelectric effect were described scientifically. This technology _s potential 
lay dormant for another 50 years until the space race began. After Ru^ scientists 
Punched Sputnik in 1957 and the U.S. had fallen behind in the race they wanted to assure 
"rSt^llite would 'lastlonger'. As a result in 1958 the Vang^satehtev^s 
launched by the U.S. powered with not only a battery, but *t^J^*<£^ * 
the world's first commercial application of photovoltaic cells. [Sputnik lost its battery 
energy and floated useless in space after only a few months] Those cells, costing over 
$1000 per watt kept the Vanguard satelite's batteries charged for years of successful 
operation. 

Since that time the cost of photovoltaic [called PV] cells continued to plurnrnet 
driven by advances in technology, increased manufacturing volume and increasing demand 
for satellite applications, remote power applications as well as commercial electricity uses. 
Figure 1.4 shows the progressive decline in PV cell prices as advances m technology 
continued through the 1980s. By the late 1980s as Federal research monies for renewables 
decreased during the Republican Adrmnistratiori, the commensurate investment in and 
aa^ancementofPV technology subsided. Current pricing for PV cells has not substantially 
changed from those present in 1989 
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FIGURE 1.4 Photovoltaic Module Prices 
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In addition to the photovoltaic modules that are made up of cells configured to 
provide adequate current and voltage, a PV system requires balance of system components. 
These components are module mounting and wiring peripherals, a DC to AC inverter for 
typical interface with home wiring and the installation [roof or ground mount, etc.] of me 
entire system, m 1996 these were estimated to cost $2 per watt, $1 per watt for the inverter 
and $1 per watt for balance of system hardware and installation. This would bring a total 
PV system's cost to $6-7 per watt installed. To put this in perspective, a typical home could 
use a 4kW system which cost $24,000 to install. This system would provide approximately 
6 000 kilowatthours of useful energy each year at present electricty rates this $750 per year 
savings represents a simple payback of 32 years. Near term growth in economic expansion 
of the PV market for utility connected customers appears unlikely. Market research 
conducted by the author and his colleague indicate that until installed PV prices reach $0.6- 
1 3 per watt, no major changes in the demand for PV by the grid-connected market is 
likely. 1331 There are many different types of PV cells that have been attempted from single 
crystalline to multi crystalline to amorphous cells. In the last five years only minor 
additional improvements to the technologies have been made leading to a flattening of the 
price curve at $4 per watt since 1 990 [see Figure 1 .4]. 

Probably the forms of solar energy with the least potential for future development 
and expansion are ocean thermal and wave power. The ocean is a source and sink for 
energy of many types. It is probably the vast dihydrogen oxide resource of the ocean that 
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keeps the temperature, environment and atmosphere of the planet moderated and suitable 
for human life. In that same environment thermal gradients and atmospheric disturbances 
cause currents, waves and temperature differences around the world. Ocean Thermal 
Energy Conversion [OTEC], is a technology that was conceived of in 1880 by d Arsonval. 
OTEC takes advantage of the thermal gradient which exists in the sea and is especially 
pronounced around the tropical regions where surface water temperatures can get very high. 
This approach to energy generation uses ammonia as a working fluid. This fluid runs an 
evaporator-condensor cycle where cold water from deep in the ocean condenses the 
ammonia vapor while warm water on the ocean surface is used as a heat source to boil the 
ammonia to give it the vapor pressure needed to drive a gas turbine. The E*s ttrbine m ton 
drives an electric generator. In 1930 the first demonstrate plant was constructed in Cuba 
since that time no additional plants or demonstrations have been constructed^ The islands in 
the tropic zones may have potential for this technology at some point m the future but 
present* the technology is very expensive which has limited its development Wave 
energy systems are not commercially available at the present, but it is believed that the 
difference in wave heights may be commercially exploited at some point in the future. 
Ocean currents may provide a significant potential source of J^L, ^ 

commercial technologies currently exist to harness it effectively Similarly to OTEQoc^n 
current systems will be further hindered by the fact that where the energy source is located 
is often far from where the demand for energy exists. 



1.4 Geothermal Energy 

If you have ever sat or swam in a natural hot spring you are familiar with one of Ihe 
benefits of Nature's outpourings of geothermal heat While less dramatic than ^volcanos 
or geysers, low temperature geothermal sources make up a significant portion of the global 
geothermal resource. The most widely used type of geothermal resource for energy 
generation is the natural steam reservoirs. By 1990 the U.S. was generating over 2800 
MW at4to6centsperkW M from*esereservoto^ Whilethe 
U S potential for geothermal is estimated at 22,675 QBtu [this compares with an annual 
U S energy use of 82 QBtu] there has been little additional exploitation of these reserves 
since the removal of Federal tax subsidies in the 1980s. The most economical and 
expanding market for geothermal energy applications exist in the residential and 
cornmercial sectors. Geothermal heating and cooling systems use the earth as a heat source 
and sink with an electric heat pump to move heat into or out of the conditioned space. 
Geothermal heatpumps move 3-4 kWh of energy for every one kWh of energy they 
consume. This technology was perfected in Sweden and is seeing extensive application in 
the US. and other industrialized countries. In many applications it represents the least 
costly heating and cooling system on an annual energy as well as operation and 
maintenance cost basis. The use of geothermal energy in these applications is likely to 
expand. 
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1.5 Tidal Energy 

There are presently no commercial tidal facilities in the United States and only three 
tidal power systems in the world These facilities operate on principles that are very similar 
to those of hydroelectric stations. They require a reservior, a dam and a series of turbine 
generators. In the case of tidal systems they are capturing the kinetic energy that exists in 
the movement of tidal waters into and out of an estuary or man-made reservior four times 
each day. The energy is being created by the gravitational interaction of the Sun, the Moon 
and the Earth which causes this motion in the seas daily. In the lower 48 continental U.S. 
the tidal variations range from 2 to 1 6 feet between mean high and mean low waters. In the 
U S the potential for tidal power represents less than 15,000 MW. The global potential for 
the most favorable tidal power sites is about 63,000 MW, or about l/50th the world's 
potential for hydroelectric power. 1 " 1 The three tidal facilities in operation worldwide are a 
1-MW plant on the White Sea in Russia [1969], a 240-MW plant on the Ranee River in 
France [1966], and most recently a 20-MW plant on the Bay of Fundy in Canada. 
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Chapter 2 - An Overview of Mill's Technology 

This chapter will focus specifically on the hydrocatalysis technology developed by 
Dr. Randell Mills of BlackLight Power, Inc.. After providing an overview of the theory 
behind the design of the various technologies I will move to a review of the astrophysical 
data which supports Dr. Mills' claim that fractional state hydrogen is common and abundant 
throughout the universe. I will highlight some key enigmas that Dr. Mills' theory solves 
and review the current technological devices that capture energy from this new found fuel 
source. Table 2.1 below summarizes the significant government, corporate and university 
research centers that have partnered to corroborate many of BLP's experimental findings. 



TABLE 2.1 - BlackLight Power Research Partners 



I ABORATORY 



WORK PERFORMED 



Government 



Electrolytic Cell [850% VI] 

X-cay Photoelectron Spectroscopy 

Diffusion Cell 

Electrolytic Cell [130% Vi DC] 
Electrolytic Cell [170% Vt DC] 
Electrolytic Cell 



Idaho National Engineering Laboratory 



SDIO-Wright Patterson AFB 
Chalk River National Lab [Canada] 
NASA - Lewis 
Brookhaven National Lab 



University 



Lehigh University - Zettlemoyer Center for 




Surface Studies 
M.l.T. Lincoln Laboratory 
Pennsylvania State University 
Ursinus College 

Moscow Power Engineering Institute 
Laboratory for Electrochemistry, of Renewed 
Electrode-Solution Interfaces [LEPGER] 



Electrolytic Cell [400% Vi DC] 
Gas Cell [>2000% H2 Energy] 
Electrolytic CeD 



Electrolytic Cell [250% Vi DC] 
Electrolytic CeD 



Corporate 



Electrolytic CeD [2100% Vi AC] 

Mass Spectroscopy 

Electrolytic Cell [150% Vi DC] 

TOF-SIMS 

Mass Spectroscopy 

Electrolytic Cells [2100% Vi AC] 
Gas Cells [2 - 50 watt Energy] 
Mass Spectroscopy 
Gas Chromatography 



Thermocore, Inc. 
Air Products & Chemicals 
Westinghouse Electric Corporation 
Charles Evans & Associates Laboratories 
Schrader Analytical & Consulting Laboratory 
BlackLight Power Laboratories 
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In the column entitled "Work Performed" I have summarized the types of devices 
tested or work performed in each laboratory. In all cases these labs provided data and 
results which were consistent with the results anticipated by the Mills theory [i.e. excess 
heat production, hydrino or dihydrino signatures, etc.]. The numbers in brackets, where 
provided, show the energy output to energy input ratio confirmed by the lab. I gafoeredthis 
data by reading and summarizing the reports produced by the labs themselves. A detailed 
bibhographyofthe reports generated by these partnerships, plus others I was able to 
catalogue has been provided in Appendix 1 . It is important to note that all of the work in 
Table 2.1 is very recent, having been completed during the last five years. The four 
subsections of Chapter 2 are as follows: Section 2.1 will briefly describe the theory Dr. 
Mills developed leading to the design of the various BLP technologies. Section 22 will 
summarize and analyze some of the astrophysical data which supports Dr. Mills' claims 
with that this new form of hydrogen is prolific throughout the universe, Section 2.3 will 
describe a few of the enigmas that Dr. Mills' theory solves, and Section 2.4 will provide a 
brief synopsis of the state of the art of current BLP technological devices that demonstrate 
energy production from the new found fuel source. 

2.1 Hydrocatalysis -A Theoretical Overview 

The catalytic reduction of atomic hydrogen below its ground state of n=i has been 
postulated by Dr. Randell Mills ofBlackLight Power, Inc. There is substantial data that has 
been gathered confirming an unexplainable amount of energy being released from 
hydrogen; these energy values are well in excess of any known chemical reactoon with 
hydrogen and were observed by others when reproducing BLP experiments. In addition, 
new electronic signatures corresponding to the expected [ie; calculated] energy values for 
low energy hydrogen via mass spectroscopy, gas chromatography, x-ray photoelectron 
spectroscopy and extreme ultraviolet spectroscopy have been identified. A non-to vial 
number of independent laboratories and research centers have been involved in foe 
confirmations described in the above findings. In addition, a sound theoretical basis for tie 
phenomenon has been postulated by Dr. Mills which unifies field theory with a comp ly 
classical approach to physics. Mills theory holds at its foundations inviolate the classical 
laws of physics, mcluding all of those listed below. 

1] Conservation of mass-energy 

2] Conservation of Linear and Angular Momentum 

3] Maxwell's Equations 

4] Newton's Laws of Mechanics 

5] Einstein's Special Relativity 

6] Einstein's General Relativity 

The postulated reduction of hydrogen to fractional quantum energy levels 
represents a radical departure from currently held quantum theory. But when it comes to 

22 



Peter Mark Jansson, P.P..P.E. 

Master of Science in Engineering These page 23 of 73 

Rowan Un/versfry 

the classical laws of physics the Mills' theory rather than contradicting current models 
actually buildsupon them. Dr. Mills' approach i, .fun ^^Sl^W. 



tLretical hydrogen atom energy equation developed by E. SchrSdinger and W. 
Heisenberg in 1926 shown below. 

^ = < 2 /« 2 87ceoa„ - -13.598eV / n 2 



(la) 
(lb) 



n— 1,2,3,... 

Dr Mills has proposed that a new boundary condition, derived from Maxwell's 
eauations be applied to Schrodinger's original equation. When it is apphed to toe 
^StaThTtogtn equation the Mills' model suggests a purely physical model winch 

molecules] and through the macroscale [i.e. planets, stars, galaxies and ^ overall 
unWersel A more detailed overview of Mills' theory for the interested reader was 
dZ^^rresearcherandisprovidedin Appendix2 "f- 1 " 
^^uld^ep^ 

Stow wmch allows for lower than n=l non-radiative valence states for the hydrogen 
„ = l,2,3,...,W,n»l/2,l/3,l/4,... dc> 

His mathematical solution uses fundamental constants only and the energyvajues 
,^!jL hi, theoretical approach agree in a most compelling way with observations 

ottteta^^» [named "hydrinos" by their discoverer, Dr. Mills] are able to 
r^l SSul amounts of energy as they undergo electron relaxation to lower energy 
states [see Table 22]. 

TABLE 2-2 - Energy Released From Lower Energy Hydrogen 



n 



1 

1/2 

1/3 

1/4 

1/5 

1/10 

1/100 



R [radius] 



a H 

8h/2 

a«/3 

a«/4 

aH/5 

aH /10 

Sh/IOO 



r = oo 



Energy 


Released (eV) 


to r = R 


AEfea/ " AE/n/tfaj 


13.6 




54.4 


40.8 (1->1/21 


122.4 


68.0 [ i/2->i/3l 


217.7 


95.3 [1/3<>1M] 


340.1 


122.4 (im->i«] 


1360 


258.4 M»->1/10| 


136keV 


2706.4 [1/99 ■> V100] 
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This source of energy likely represents more than 40% of the radiant energy 
created by stars. Figure 2.1 below is an illustration of the change in radii of the hydrogen 
atom taken from his text on his theory "The Grand Unified Theory of Classical 
Quantum Mechanics". 1271 The well accepted model [i.e. when a hydrogen atom absorbs 
a photon and increases the radii between its electron and proton, n=2, n=3, n=4, etc.] is 
shown in the top half of the page. 
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FIGURE 2.1 Quantized Sizes of Hydrogen Atoms 
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The radical new model Dr. Mills has proposed [i.e. that there exist stable forms of 
hydrogen in fractional energy states belowthe accepted ground state, n=l] with its 
commensurate fractional radii between the electron and proton [i.e ^ 
etc.] are shown on the next page. The model being proposed will hereinafter be referred 
to as "Mills Theory". 

It is important to emphasize at this point that the transistions described are Ml 
nuclear This is a chemical reaction that only effects the binding energy of the hydrogen 
atom's electron. The fundamental energy release mechanisms in this process are 
hydrocatalysis and disproportionate. Hydrocatalysis occurs when a *y^™«™ 
Z± its electron at its normal ground state or a lower ground state [ie; n £ 1] reacts with a 
catalyst having a net enthalpy of 27 eV. Energy is released per equation (Id). 
Disproportionate occurs when a lower energy state hydrogen atom ie; n < 1] collides 
SXSower energy state hydrogen atom [ie; n < 1} which results 
of one atom [ionization energy is a multiple of 27 eV] and the transition of the 
Se other atom to a stable, lower energy level. Energy is released per equation (le) when 
the atom which ionizes has its electron at its n = 1/2 state. 

E=(l/n f 2 -l/n i 2 )xl3.6eV ( ld > 
E = (l/n f 2 -l/n i 2 )xl3.6eV - 54.4eV (le) 

The interested reader is referred to Appendix 2 for more detail on Mills theory. 



2.2 Astrophysical Corroboration 

The theoretical model proposed by Mills might remain an interesting approach to 
unifying physics but be written off as a theory of no import were it not for the tact thatthe 
laboratory of the universe provides a prodigious amount of data which appears to support 
his predictions. For example, his theory predicts that the electronic transition of atomic 
hydrogen below its ground state of n=l is a widespread phenomena wmch provides a 
significant amount of the energy radiated by all stars. The theory ako predicts 
transition reaction occurs in the atmosphere of some of the larger planets [Jupiter and 
Saturn] as well as in the dark regions of space. Hydrogen is the most abundant element in 
the universe, and if it also is able to exist in a stable form in lower energy states it must be 
measurable and detectable. There is substantial observational data corifinrung that 
possibility. One source is the extreme ultraviolet spectrometer data collected and analyzed 
by Simon Labov and Stuart Bowyer of the Center for Extreme Ultraviolet [EUV] 
Astrophysics at UC-Berkeley. 1281 They designed and had launched a diffuse, grazing 
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incidence EUV spectrometer into space from White Sands Missile Range in the spring of 
1 986. They analyzed their data and published it in the Astrophysical Journal in the spring 
of 1991. Their data is remarkable in many ways; 1] it was not believed that such data could 
be collected, 2] they observed and validated significant emission features and signatures 
from the dark regions of space, 3] they acheived a very high statistical confidence that the 
data was real [in many cases >99% confidence] and 4] their explanations for what these 
emission signatures must be postulate that an unexplainably high temperature [million 
degree gases] must exist in what was otherwise believed to be a vastly cold region. 

Upon review of this data the scientists of BLP, being chemists by background 
believed that "hot interstellar gas" view of dark space was not very plausible. They 
undertook to view this data in light of the fundamentals of the Mills' theory which predicts 
that lower energy hydrogen can collide with other lower energy hydrogen atoms and 
undergo an energy transition to a lower non-radiative energy state. These transitions radiate 
at specific energy levels and wavelengths as predicted by equations (Id) and (le) as 
described above. While the Labov and Bowyer's interpretation of these signatures 
originating from hot interstellar gases [Fe^ FEx, , Oy, etc.] is more widely accepted by 
astrophysicists, other scientists see the explanation as less plausible. 

The BLP assignment of these and many other planetary, stellar and interstellar 
radiation signatures to a calculated amount of energy being released from hydrogen atoms 
undergoing collisional effected transitions to lower energy states appears to be much more 
plausible. When the data is analyzed and one views the assignments of the probable 
hydrogen transitions and sees the reasonableness of such a theoretical match it appears to be 
much more than a remarkable coincidence. The analysis provided by BLP in Table 1 [on 
page xiii of the Forward] as well as page 424 of the text on the theory 'shows a match 
between the background data and theoretical transitions for nearly all of the transitions that 
are probable to the n = 1/8 state of hydrogen. I have reproduced these calculations in 
Appendix 3 and provide a summary of one of those spreadsheets on the page that follows as 
Figure 22. 

Perhaps an even more compelling way to view this data is in the manner developed 
by Jim Kendall, P.E., a Ph.D. Nuclear Engineer from Technology Insights [a technology 
assessment firm from southern California]. He graphically stacked the Labov and Bowyer 
data side by side with Mills theory predictions as shown in Figure 2.3 to reveal a correlation 
which is most persuasive. 
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FIGURE 2.2 - Astrophysical Observations and Mills Theory 
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FIGURE 2.3 - Astrophysical Data vs. Mills Theory Illustrated 
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The analysis completed by this researcher in Appendix 3 corroborates the findings 
of BLP in regard to the extreme ultraviolet data in the background of space [above] as well 
as fiom our star, the Sun, as well as from a stellar flare on AU Mic and star EQ Pegasi. Dr. 
Mills' text also provides many other sources of astrophysical data which produce 
information that regularly display the lower energy hydrogen transition energies that would 
be most likely from a probabilistic standpoint. Table 2.4 on the page that follows lists the 
most commonly occuring wavelengths and energies in all of the data described above [ie; 
data that appeared in at least 3 of the 4 sources cited] and the match I have calculated for 
that data by equation (le) above. 



TABLE 2.3 - Commonly Observed Wavelengths & Mills Theory Predictions 

Wavelength Mills Theory Wavelength & Hydrogen Transition # of sources 

A A Initial Stage -> Final Stage of 4 

911.8 912.3 1/2 -> 1/3 J* 

302.8-304 303.9 1/3 -> 1/4 3 

261.2-265 265.0 1/4 -» 1/5 He scattered 3 
182-183 



182.3 1/4 -> 1/5 4 

129.1-130 1305 1/5 -> 1/6 J 

1225-123 
101-101.3 
89-90 
81-81.1 



122.6 1/6 -> 1/7 He scattered 3 

101.3 1/6 -> 1/7 4 

89.0 1/7 -> 1/8 H scattered 3 

81.1 1/3 -> 1/5 H scattered 3 



NOTE Only one source, the solar spectral data, included observations above the 600 A wavelength 



23 Enigmas Solved 

Perhaps the two most compelling enigmas that the Mills theory resolves are solar 
problems. They are; an inadequate solar neutrino flux and a solar coronal temperature that is 
inexplicably too hot For two decades we have known that the standard solar model 
predicts that the primary energy source of our star is the nuclear fusion of hydrogen atoms. 
The problem is that scientists have been unable to account for an appreciable amount of the 
solar neutrino flux that would be predicted by assuming all of the Sun's radiant energy is 
from fusion. The Gallex solar neutrino detector in Italy sees only 60% of the neutrinos that 
the standard solar model would predict 1291 The Homestake detector reports neutrino flux 
of 2.1 ± 0.03 SNU or only 27% of the standard solar model's 7.9 ± 2.6 SNU. 13 ** 11 Where 
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eaas vAh the descnpho- of all I o £e Sun ^ ^ photosphere 

consider the temperature gradient ^^f™!™"^ ^^e^Tof oV corona [solar 
[visible surface layers] of the Sun « 6000 K r^Sy ionized heavy 
a»osphere] ba^upon^ S^inbothof *** 

the n - 1/100 level yield energy densities (»» ~ f me Sun giving rise to the 

disproportionation reaction *kes ^T^^SS^SL mJ2«* otherwise 
mU ch higher temF^U^there^oge^e 

could only be explained by diffic^beU^e wncq^ temperature to "the 

answers for this enigma but two theories attribute 0 r 

propose the electric currents or MHD. 

A««tw kev enierna solved is that of the total mass or matter in the universe. For 

Ldemified "dark matter; must ^^^^^SZ ^ve and 
calculated mass of me universe can aoX ^^ZZ^Zn that galaxies rotate at a 
observablematter 

higher angular ^ty topo^bte w£ onty ^ fa ^ logical ^ to 
stabilizing gravitational attraction te " ™" • 0 f hydrogen that the 

P°stulaiethatif^^^^^ 

large amount of "missing matter may aiso hydrogen 
th^predicts^co^hy^^^ 

of the universe. 

2.4 Technological Embodiments 

This final section of Chapter 2 is devoted to devices and apparatus ^ 
Sc hydrogenWow its ground state of n=l is not only acheivable but * repeatable, 
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predictable and consistent. Table 2.4 below indicates the types of devices that have been 
designed and developed by BLP scientists to demonstrate the phenomenon. 



TABLE 2.4 - BLP Technologies 



Device 


Type 


Other 


Dewar Flask 
Electrolytic Cell 
Electrolytic Cell 
Non-Electrolytic Cell 

Glass Lamp 
Isothermal Calorimeter 
Calvet Calorimeter 
Nickle Hydride Wire Cell 
Quartz Firebrick Cell 
Test Cell 1 


Electrolytic Cell 
Electrolytic Cell 
Electrolytic Cell 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 


DC electricity 
AC electricity 

Oven Moderated 
Water Cooled 

Steady State Flow 



Furthermore, all of the devices in the above table exhibit the ability to generate 
anomolous heat that is inexplicable by any known chemical or nuclear reactions. These 
devices generate heat with no flux or radioactive materials, reduction or consumption of 
known chemical or molecular reactions or bonds and follow directly mom the Mdls theory. 
The specific devices are in essence the embodiment of his concepts for bringing hydrogen 
atoms Tinto contact with a catalyst in order to begin the hydrocatalysis and subsequent 
disproportionation reactions. The devices developed by BLP are both test and 
demonstration units. 

The two and one-half pages following below provide illustrations of some of the 
key BLP technological embodiments. Figure 2.4 illustrates the dewar experimental 
vessel. Figure 2.5 shows the typical arrangement for one of BLP's advanced electrolytic 
cells. Figure 2.6 Ulustrates the device developed by the BLP joint venture ™* 
TlermacorV- a non-electrolytic first generation gas phase cell. Figure 2.7 lUustrates the 
isothermal calorimeter and Figure 2.8 is a typical Calvet calorimeter a^ement I am 
focusing on these few devices to keep the reader directed to the specific technological 
embodiments ofthe Mills theory that demonstrate that the r^uchonof excess an^ 
anomalous heat from each apparatus is conditional upon bringing .all ofthe elements of 
Mills' theoretical requirements to the experiment If any one of the key elements is 
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missing, the experiment functions as a typical control with no excess heat being 
produced. 



FIGURE 2.4 - Dewar Experimental Cell 
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FIGURE 2.5 - Advanced Electrolytic Cell 
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FIGURE 2-6 - Non-Electrolytic Gas Phase Cell 
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FIGURE 2.8 - Calvet Calorimeter Gas Phase Cell 

Fnurel Schematic of the Gas Can fc* the CSh^Cataimeter and Cross Sec^^ 
mo Carvel Calorimeter. 1 - (1/16r OD stainless steel tube (to hydrogen supply). 2 - _ 
stainless steel tee union, 3 - {1/4)" OD stainless steed tube (to vacuum manifold). A - ceS 
Bd 5 - filament leads, 6 - Conax-Buffaio gland. 7 - precision resistor. 0.1 mm OD 
tunosten fUament. or nicfce! hydrtde filament treated with catatyst, 8 - copper ring jwel, 
9 -cell body 10 - Calvet Calorimeter, 1 1 - thermopile signal output. 12 - thermal shunt. 
13 - thermopile. 14 - mutated calorimeter base. 




In the case of the electrolytic cells it is very important that the hydrogen atoms be 
formed on the cathode contact with the right concentration of the catalytic ions in order 
for the heat generation phenomenon to be replicated In the case of the gas cells a small, 
partial atmosphere of hydrogen gas, a small partial pressure of the catalytic ions as well 
aTa mechanism to cause hydrogen dissociation all need to be present for the reaction to 
commence and continue. The experiments and subsequent demonstration units were 
designed specifically to assure that the mean free path for the hydrogen atoms [once 
formed] to interact with and collide with the catalytic ions was appropriate to favor the 
collision and catalytic reaction prior to hydrogen atom recombination into H 2 . 

Each of the cells illustrated above were able to regularly, consistently and repeatedly 
generate heat in amounts mat were far in excess of the any known chemical reaction for 
hydrogen and any other known elements. In the case of the vacuum gas cells this reaction 
was developed and maintained using only very small amounts of hydrogen gas, a filament 
to dissociate H 2 into its atomic form and a catalyst with the appropriate resonant enthalpy of 
27 eV. Part H of this thesis will highlight the performance of BLP's isothermal cell, Penn 
State University's Calvet cell experiments as well as the experiments of this researcher in 
the Calvet cell at BLP laboratories. 

To more fully document the BLP theory that lower energy hydrogen [hydrino 
formation] was the source of the heat in the reaction, the residue "ash" as it were from the 
reaction gases from both the electrolysis and vacuum cells was collected. According to 
Mills theory this "ash" should contain the lower energy form of hydrogen postulated by 
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BLP- The difficulties of capture make this effort quite a challenge since the atoms being 
searched for will have significantly smaller diameters than the smallest of all atoms. BLP 
and four other scientific laboratories began this search a few years ago. They used the 
methods of mass spectroscopy, gas chromatography and X-ray photoelectron spectroscopy 
[XPS]. Table 2.5 below highlights the results of those investigations thus far. 



TABLE 2.5 - The Search for Hydrinos 



Device 

Mass Spectroscopy 
Gas Chromatography 



X-Ray Photoelectron 
Spectroscopy [XPS] 



Results/Observations 

Large signal with ionization energy 
in calculated range of dihydrino 



Significant signal peaks which can 
be associated with n=1/2, 1/3 and 1/4 
dihydrino molecules 

Signal Peaks associated with the 
binding energy of n=1/2, 1/3 and 1/4 
hydrino molecules 



Investigating Laboratory 

BLP Laboratory 

Air Products & Chemicals Lab 

Schrader AnatyL & Cons. Lab 

BLP Laboratory 



Lehigh University - Zetttemoyer 
Center for Surface Studies 
Idaho National Engineering Lab 
Clark Evans & Associates 



Figure 2.9 which follows on the final page of Part I illustrates the location of an 
anomalous peak near 5 5 eV binding energy which was detected by Zettlemoyer Center for 
Surface Studies at Lehigh University, Charles Evans & Associates and Idaho National 
Engineering Laboratories [INEL] in separate analyses of BLP and INEL samples. BLP 
asserts that the n=l/2 state of hydrogen, which has a calculated binding energy of 54.4 eV, 
is the source for the peaks in each independent study. At present all other potential known 
sources of a peak at that energy level [Le. Fe 3p ] have been ruled out as a source. 
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FIGURE 2-9 - XPS Anomalous 55 eV Peaks 
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PART 13 - Analysis of Previous Experimental Results 

As noted in Chapter 2 [Table 2.1] there have been a substantial number of tests of 
BLP electrolytic cells. This researcher was not able to find any documented results from 
tests that had been performed on BLP cells which indicated that the cells did not operate in 
a manner to generate the anomalous heat predicted by BLP scientists. However, due to the 
controversial nature of electrolytic cell and the close association of the work with the 
continuing debate regarding cold fusion claims I have directed my research toward 
reviewing the test results which have been achieved in the gas phase cells. It is worthy of 
note at this point that there continue to be significant publications in Fusion Technology 
where well respected scientists are continuing to claim excess heat in so called "cold 
fusion" cell experiments. Of particular note is a recent technical paper in the March 1997 
Fusion Technology journal. The authors [from Shell Research / CNAM Laboratoire des 
Sciences Nucleaires in Paris, France] describe how they have detected and verified that they 
are creating excess energy from hydrogen "7300 times higher than the most exothermic 
known reaction" at a high confidence level [99%]. They also detect missing hydrogen in 
their exhaust samples. Further, they present their postulate that the source of the additional 
energy is from "the formation of a tightly bound state of hydrogen...In such bound states, 
the electron is much closer to the proton than in normal hydrogen. This could explain both a 
high energy of formation and a greater than normal capacity to diffuse through any 
material"^ 71 All of these findings are consistent with the Mills theory. Part II of this thesis 
will focus on summarizing the results of two of the gas phase cell experimental results 
developed to date noting with special interest the experiments conducted by this researcher 
in section 3.3. In each case the gas phase cells produce a statistically significant [le; beyond 
the error range and accuracy of the measuring device] amount of unexplainable heat In the 
experiments the heat generated is well beyond the most energetic of chemical reactions 
known for hydrogen. I will attempt to explain, when possible potential reasonable 
alternative explanations for the repeatedly observed phenomenon. Often, however, there is 
no reasonable explanation other than the potential for a new energy source resulting from 
the interaction of hydrogen and the catalyst materials in the cells. After summarizing all of 
the gas phase cell experiments, the results of a singular isothermal cell test will be reviewed 
in detail [the experimental results from mis cell formed the basis for the computer modeling 
work detailed in Chapter 4]. Results from the Penn State University cell will be reviewed 
and then the closing section will summarize the results of my work with Mr. William Good, 
the Chief Scientist and Director of Research & Development at BLP. 



Chapter 3 - Summary Review of Gas Phase Cell Experimental Results 

Table 2.4 illustrated seven gas phase cell experimental devices. I will provide a 
detailed explanation the operation of two of these devices in sections 3.1 through 3.3. I 
will place special focus [sections 3.2 and 3.3] on the Calvet device [see Figure 2.8] whi< 
is the most accurate in measuring the heat generated in a BLP reaction. Prior to the 
announcement of the hydrocatalysis process developed by BlackLight Power the 
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paradigm for hydrogen as a fuel revolved around its energetic reaction with oxygen. In 
rH Ol is a very abundant, stable and versatile molecule. Hydrogen is very 

bonds to yield H 2 . After they are broken, hydrogen in its molecular form W 
^ bu^reactswell md energetically with many other elements to ^e*o» o 
molecules and compounds. The basic principle being testedwuh the ^^«^ of 
BLP is the ability of the hydrogen atom, once dissoc ated for^to 
undergo electronic transition to lower energy levels [as descnbed m Chapter2] when it 
™S wS a catalyst All of the experiments therefore that will be described in the next 
£S£££ « ^guTed to provide a reaction chamber [capable o fating at 
vacuum or near vacuum pressures], a means for hydrogen to be mtroduc^d to the 
cSeV analytic material to be introduced in the reaction chamber a means for 
SSglthySrog^ molecule into its atomic form, and a method foi • m«*unng heat 
«^!^toraurion Fundamentally the two cells reviewed m Chapter 3 are 
SS£ b except te ft. method for measuring or detennmmg 
identical in neariy m utilizes very accurate thermopiles to 

specifically on that BLP technological embodiment 



3.1 BlackLight Power bothermal Cell 

In the laboratory of BLP in Malvern, Pa. this researcher f^fj. 6 .^^ 
test on May 1 1996 which was quite intriguing. A stainless steel vessel of 2 liters in 
v^e^evacua^ 

being maintained at a steady state temperature of 275 C by way of * ^/^^^ 

consuming 97.1 watts located in the base of the vessel^ F J«^ J^££ n * 

SSvesselwerea200 cm tungsten .filament ^ l *^^!gS^21 

ceramic rods connected by l/8th inch stainless steel tees and 3 grains 

^gen^L introduced into the system at a pressure of 1 atmosphere me ve to Ae 

™L opened and the pressure ^toand-l- 

vessel comprisS a closed system it had a steady state pressure ofl 150 mtom WtaMte 

I^er to the tungsten filament was turned on and raised to 15 watts ^^dge heater 

CSXnd^dnTt come back on for about one half hour. The temperature rose from 
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275° C to about 285° C during this period. When the cartridge heater did begin cycling 
again to maintain the vessel temperature at approximately 275° C it did so at a steady state 
energy consumption rate of 48.5 watts. [The details of this experiment are found in 
Appendix 4] The filament wattage was successively increased to 25 watts, 35 watts and 40 
watts in three additional steps during which the cartridge heater energy decreased to 17.2 
watts, 5.7 watts and 0 watts respectively. The vessel continued to maintain a temperature of 
288-289° C without any energy being provided by the cartridge heater. The filament steady 
state power consumption was 40 watts indicating that something [presumably the 
Hydrocatalytic effect] occurring within the vessel appeared to be providing the additional 
57 watts of heating that was necessary to keep the vessel at temperature. If one assumes 
that all the data being gathered on this closed system [i.e; energy in, temperature, pressure 
and chemicals involved] are accurate, then this appears to be a compelling illustration of 
this technology's capability. Table 3.1 illustrates a significant number of BLP 
experimental and control runs on their isothermal calorimeters. 

I have summarized the results for each of the runs but the reader is encouraged to review 
the detailed data in Appendix 5. The Appendix includes all of the detailed experimental 
data as well as the analysis completed by this researcher. It is clear from the few control 
studies that the isothermal cell exhibits different behavior when it is operating on filament 
power versus cartridge heater power. As shown in experiments 15.5 and 15.8 the 
isothermal cell uses significantly less power with the filament than that required on the 
cartridge heater. This researcher believes that this apparent 25-54% savings may be due 
to four factors in the following order of significance; 1] The relative distances between 
the heating sources and the thermocouple [The filament was closer in proximity to the 
thermocouple and therefore had greater radiant coupling], 2] Radiant coupling of the 
filament with the thermocouple may have resulted in the thermocouple being at a higher 
temperature than actual temperature. [This condition would allow the cell to cool down 
and thus reduce to some degree its heat loss and associated energy requirements]. 3] 
Increased stratification may have occurred under filament power [i.e.; convective mixing 
of gases may not have occurred sufficiently allowing stratification. With the upper 
regions of the cell warmer than the lower regions of the cell heat loss would have 
decreased across the entire cell surface]. 4] In the case when the cartridge heater was the 
only source of power, heat loss through the bottom of the cell may have been higher, thus 
the thermocouple in the cell will need to see greater power from the cartridge heater in 
order to cycle off the power. It is important to note that another way of considering this 
last point is that the filament provided all of its heat interior to the cell most efficiently, 
while the cartridge heater entered through and was connected to the bottom surface of the 
calorimeter allowing a larger percentage of its heat energy to leave the cell without 
affecting thermocouple temperature. 

Nonetheless, it is important to note that experiments 15.4, 15.6, 15.9 and 15.10 all 
create anomalous heat far beyond the cartridge/filament differential calculated by the 
control experiments. From the heat loss model developed on these cells in Part m of this 
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thesis it appears that the isothermal cells are able to create at least tens of watts of useful 
power even in their very primitive development state. 

TABLE 3.1 - Isothermal Cell Results Summary 



Experiment 
# 


Temp 


Pressure 
I Torr \ 


Watts Watts 
[Heater] [Filamenq 


Excess Heat 
[Watts] 


Power 
Gain [%] 


15.4 






95.2 


45.7 


49.5 


108.3% 


15.5 control 


273 
273 


lowatm 
2.0 


94.3 
94.3 


61.3 
75.7 


33.0 
18.6 


53.8% 
24.5% 


15.6 


271 


1.4 


92.0 


43.6 


48.4 


111.0% 


15.8 control 


261 


lowatm 


87.3 


62.5 


24.8 


39.7% 


15.9 


280 


1.7 


103.5 


41.7 


61.8 


48.2% 


15.10 


264 


1.6 


92.7 


32.2 


60.5 


187.9% 


15.12 


284 


0.02 


106.0 


97.8 


8.2 


8.3% 


15.13 


319 


1.9 


131.2 


83.6 


47.6 


56.9% 



.Masuremett thermBtors and that, W edited corves under various 
.hese ceus. be blanketed «ith. 

loss rate over tune. This empirical moaei coma- hvaroca talvtic reaction within the 
validation for the calculated excess energy created in the hydrocatalyuc reacu 

vessel. 

3J2 Penn State University Calvet 

In late 1996 Dr. Jonathan Phillips, Professor of Chemical Engineering at the 
Pennsyl^S^v^^ 

sSuficant control experiments and tests on the heat generation of gas f^gT*^ 
copy of toreport and findings is provided in Appendix 6. The Calvet cell 
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that they used is shown in Figure 2.9. The Calvet calorimeter cell is configured much like 
the isothermal cell described above but it includes much more accurate direct measurement 
of heat flux out of the reaction vessel. This measurement device is accurate to within 0.5% 
in recording energy flow. Unfortunately, in order to gain this extremely high accuracy one 
must place this vessel into a very controlled environment and into a thermopile base. This 
makes a large device very costly. The size of the Calvet cells used by Perm State are 20 
cubic centimeters. The tests were conducted during the period of October - December 1996 
in Perm State Chemical Engineering Department laboratories. The following excerpt from 
the report summarizes their key work and findings; "In three separate trials between 10 and 
20 K Joules were generated at a rate of 0.5 Watts, upon the admission of approximately 10 
moles of hydrogen to the 20 cm 3 Calvet cell containing a heated platinum filament and 
KN0 3 powder. This is equivalent to the generation of 1x10 J/mole of hydrogen as 
compared to 2.5xl0 5 J/mole of hydrogen anticipated from standard hydrogen combustion. 
Thus, the total heats generated appear to be two orders of magnitude too large to be 
explained by conventional chemistry, but the results are completely consistent with the 
Mills' model." m 

It is noteworthy that in all cases the Perm State tests [summarized in Table 32] were 
terminated by removing the hydrogen from the reaction vessel by opening the valve to the 
vacuum and pumping the gas from the vessel. It is not clear how long these reactions 
would have continued if the vessel was not emptied of the hydrogen gas. The method used 
by PSU included bringing their Calvet reactor cell to steady state in a controlled 
environment oven with only a platinum filament and small vessel of KN0 3 present within 
the reactor vessel, they would zero out the Calvet output at this point and then admit 
hydrogen to observe the reaction that this precipitated. There experiments showed a 
significant exothermic reaction upon the admission of hydrogen which could not be 
replicated upon the admission of helium [which they used as a control gas for their 
experiments]. In all cases this exothermic reaction was curtailed by the researchers once the 
total energy that had been produced was significantly greater than that available in known 
chemical reactions of hydrogen. 

TABLE 3.2 - Perm State Calvet Cell Results Summary 

Experiment Temperature Pressure Total Time Total Energy E *f. e ^£f 
# («c) (Torr) (minutes) (Joules) (milliwatts) 

21,560 586.8 

13,003 595.9 

10,293 604.7 



BL1218CD 


250 


170 


612 


BL1220BC 


250 


180 


364 


BL1221AB 


250 


120 


284 
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3 J Jansson Calvet 

In early 1997, this researcher approached Mr. William R. Good, Research Director 
of BLP to discuss the possibility of replicating the isothermal cell work at BLP to determine 
more conclusively theprimary parameters of the gas phase reaction. It was this researchers 
ZZZlTenJz the of filament surface area on excess heat formation as weUas 
begin parameterizations of other key variables such as ^°™*™^?LT^v« 
prSuS temperature, and other variables. BLP was most gracious in offermg ^C^vet 
Sforly experiments I would choose to run. Tne isothermal cells could* : u*d * ^ 
Stow-up L the event that the data from the Calvet work indicated a significant isothermal 
Su de^i^on was feasible. In as much as it is believed that the formation of excess 
rner^ cSS by hydrogen atoms colliding with catalyst ions or hydnnos, I undertook to 
Zfthlt^ng mament surface area would increase atom generation rate and this 
^^w^utfromtheCalvetceU. Tbe protocol for my °* 
7™3;r? A codv of my control and experimental results are included as Appendix 8. 

vary^fyte filament length in two subsequent experiments. If ^ could be done 
^essfoUy I believe it would demonstrate that specific parameters of the reaction could be 
Sn^Sd engineered. We followed the PSU protocol in aUaspecteexcep^ teacdon 
^pressure; this was because it appeared we were unable to demonstrate the excess heat 
effiS aUh^O-1000 ton range where the PSU reaction had operated successfuUy We 

50-200 mtorr pressure regime. When we completed many of our post-expenrnental 

was being generated from the small amount of hydrogen that was off gasing fiom the 
p^^fflaLitTnisis my present interpretation of t* ^ 

cTnot offer an alternative expalantion for the consistent excess heat arfmty when only the 

Table^belowsummanzes 

my testing objectives. 

TABLE 3.3 - Jansson Calvet Testing Objectives 



* Replication of PSU Results 

* Vary Filament Length [ 10cm , 20 cm , 30 cm ] 

* Analyze Results for Consistency and Patterns 

* Determine if Effect Appears Engineerable 

* Develop New Technical Skills and Knowledge 
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TABLE 3.4 - Jansson Calvct Tests Completed 



* 20 cm Experiments 

1 control 

2 experiments 

February 27 - March 21, 1997 

* 10 cm Experiments 

1 experiment / post control-calibration run 
March 25 -April 13, 1997 

* 30 cm Experiments 

1 control 
4 experiments 
March 22 - 25, 1997 
April 13 -May 5, 1997 



The following tables [3.5 & 3.6] summarize the testing protocol which was followed for 
each of the controls and experiments conducted in the BLP laboratories: 



TABLE 3.5 - Jansson Calvet Testing Protocol Summary - Control 



■ Prepare Calvet Reactor Vessel 
♦Install Filament and Vacuum Test 

■ Place Calvet in Thermopile Cup 
♦Vacuum test, connect leads, insulate 

■ Bring Oven & Calvet to Steady State 
♦250° C, vacuum cell to remove all H2O, etc. 

■ Start DAS, Turn On Power, Close Vac. 
♦0,1,5,6,10,11,15,16, etc. watts to steady state 

■ Wait Until Steady State is Acheived 
m Observe Changes in V c 
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TABLE 3.6 - Jansson Calvet Testing Protocol Summary - Experiments 

i prepare Calvet Reactor Vessel 
► Install Filament, KNO3, Vacuum Test 
, Place Calvet In Thermopile Cup 
» Vacuum test, connect leads, insulate 
1 Bring Oven & Calvet to Steady State 
♦ 250° C, vacuum cell to remove all H2O, etc. 
, Start DAS, Turn On Power, Close Vac 
♦0,1,5,6,10,11,15,16, etc. watts to steady state 

■ Wait Until Steady State is Acheived 
♦Stable V c . Win . Vf . KNO3 vapor pressure 
, Observe Changes in V c 

■ Inlet H2 to Double Current Pressure* 

■ Wait 5 min. and Vacuum Down to < 0.1 T 
a Observe Changes in V c 



Table 3 7 below illustrates the ealibtalion eurves and linear regression analysis fits which 
?!w fa Jh of the control runs used in calculating the excess heat ton. each 
experiment ^ 

TABLE 3.7 - Jansson Calvet Testing - Calibration Curves 



■ 10 cm 

♦V c =0.2016 (W m ) -0.0806 

■■<-:. ■20 cm 

*V C = 0.2333 (W m ) - 0.0605 

■ 30 cm 

♦V c =02297 (W m ) + 0.5188 



R 2 = 0.9966 
R 2 = 0.9996 
R 2 = 1.0000 



43 



Master of Science in Engineering Thesis Mark Jansson. PPJJE. 

Rowan University 

Pages 45-51 graphically and tabularly depict the results of the many days [over 555 
hours] of analyzed Calvet cell experiments and controls. The results begin with a 
summary slide and then summarize the data by 10 cm., 20 cm. and 30 cm. experimental 
and control runs. These are labeled Figures 3.1, 3.2, 3.3, 3.4, 3.5, 3.6 and 3.7. Table 3.8 
below is a numerical summary of the results obtained for all KN0 3 experiments as well 
as KN0 3 plus hydrogen experiments. All excess heat calculations for the experiments is 
based upon the difference between the Calvet output power anticipated via the control 
runs contrasted with the actual input power used to generate that Calvet voltage output 
during the experimentals. All controls and experimentals were completed in a closed 
system in an oven with temperature of 250 °C. In all cases the vacuum integrity of the 
reaction vessel was maintained throughout the entire run of the experiments. 



Table 3.8 Jansson Calvet Cell Results Summary 



Filament F»™«s Power Generated IWattsI 
Length [cm] Mean Max Min 



Hours of Total Energy %Over* 
Operation Produced Chemical 
[W-hrs] 



10 


0.581 


0.635 


0.523 


297.97 


173.013 


234,387 


20 


0.818 


1.231 


0.337 


125.22 


102.464 


138,090 


30 


1.572 


2.092 


0.635 


131.95 


207.467 


278.151 



* - % Over Chemical - is the amount of energy generated by the reaction divided by the energythat would 
have been created had all of the hydrogen available at anytime in the experimental app^s been 
consumed in the most energetic chemical reaction calculated [ie; hydrogen combming with oxygen to form 
water - HjO] expressed in percent 



The energy produced by these experiments significantly exceeds that which could be 
released by any known or potential chemical reaction by several orders of magnitude. 
The value shown in the table above is extremely conservative in that it was determined 
assuming the following; 1] all potential hydrogen in the system was converted with 
perfect efficiency into water, 2] all of the impurities in the platinum wire [99.99 /o pure] 
were hydrogen, 3] all hydrogen admitted at any time into the reraction chamber reacted 
within the vessel, even though it was rapidly brought under vacuum pressure and drawn 
out early in each experiment Even when these conservative assumptions are applied, 
there remains a significant and large amount of energy that is unaccounted for. This 
ranges from about 1,400 to 2,800 times the amount of energy that was available at any 
time to the system assuming it was able to be perfectly released in a chemical reaction. 
These results would appear to be entirely consistent with Mills theory. 



44 



mi 



Master of Science in Engineering Thesis 
Rowan University 



Figure 3.1 



Peter Mark Jansson. P.P..P.E. 

Page 45 of 73 



e 
• 



> 



i 



au 





I 

« 
a 
c 

■E 




45 



Master of Science in Engineering Thesis 
Rowan University 



Peter Mark Jansson, P.P..P.E. 

Page 46 of 73 



Figure 3.2 
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Figure 3.4 
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Figure 3.5 
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Figure 3.6 
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PART III - Mathematical Simulation Model 

In order to assess the commercial potential of the BlackLight Power technology I 
performed some mathematical simulation modeling on one of their most promising devices. 
The isothermal cell described in Section 3.1 produced meaningful excess power on the 
order of 50-60 watts and at meaningful temperatures 250-320 °C. The simulation model I 
developed attempts to recreate the heat loss profile of the isothermal cell in order to assess 
how much energy theoretically would be required to maintain the cell at any temperature 
level. I developed this method as a theoretical modeling method to cross-check the 
calibrations and excess energy results acheived by the experiments on the isothermal cell. 
Chapters 4 and 5 below provide the results of the simulation model as well as my insights 
and lessons learned from the exercise. In addition, I developed a comprehensive testing 
protocol which, if implemented, could conclusively prove the energy gain of the isothermal 
cell and provide additional documentation for its performance. 

Chapter 4 - Analysis of Model Performance vs. Experimental Results 

In order to model thermally the heatloss for the BLP Isothermal Calorimeter I 
used the data provided from the BLP Experiment 15.6 witnessed by AEI employees on 
May 3,1996. The method of operation of the Isothermal Cell is provided in Section 3.1. 
The experiment which we observed operated according to BLP's predictions, previous 
experiments and protocol. We were able to observe the results detailed in Appendix 9. 
A summary of that test has been provided on Table 4.1 below. 

TABLE 4.1 - Isothermal Cell Results: May 3-4, 1996 

TIME CRITICAL TEMPE RATURES . oC PRESS. FILAMENT HEATER EXCESS 

CELL ROOM AT MILLTORR WATTS WATTS WATTS 

10:45 AM 279.50 28.42 251.08 1150 0 96.99 0.01 

0 97.07 -0.07 

0 97.32 -0.32 



11:10 AM 
11:15 AM 
11:45 AM 



285 09 28.04 257.05 1400 15 48.54 33.46 

15 48.94 33.06 

15 49.26 32.74 



11:50 AM 

12:05 PM _ „ „ 

1215 PM 288.86 27.88 260.98 1400 25 16.23 55.77 

25 17.75 54.25 

25 17.78 5452 

12:20 PM 

2:10 PM ' _ 

215 PM 28954 27.45 261.79 1700 35 5.73 5657 



2:25 PM 



42 0.00 55.00 
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At approximately 2 AM. on the morning of May 4, 1996 the filament inside the 
Isothermal Cell which we were testing burnt out. This caused a significant and dramatic 
fall in cell temperature. The Isothermal Cell at that point in the experiment was receiving 
all of its input power and cell heating from the tungsten filament and the associated heat 
of reaction from the believed Hydrocatalytic reduction of the hydrogen gas at the near 
vacuum pressure [1.2-1.7 ton] within the cell. Figure 4.1 on the following ; page 
illustrates the dramatic drop in cell temperaure which was observed when the filament 
ceased to operate. The intent of my simulation model was to develop rnameinaticaJ 
SLlae that could match the heat loss profile of the cell while it underwent** steady 
state cooling toward room temperature and also match in to the calibration tests 
conducted at the 260-320 °C temperature levels. I pursued this approach asstmimg 
simplistically that all significant heat loss was acheived via conduction [U* A AT] and 
^radiative and corrective heat losses from the Isothermal Cell were rninunal. With 
this approach I was able to get an excellent correlation at the lower temperature regime of 
opera tion [$160 °C - see Figure 4.2] with a good fit at the higher temperature profile [S 
260-320 °C - see Figure 4.3]. 

" --Fromthl^^^ 
loss of the Isothermal Cell at its entire range of operation in the tests conducted by BLP. 

This data is summarized below on Table 42. 



TABLE 4.2 - Isothermal Cell Heat Loss vs. Temperature* 



Cell Temperature 


Calculated Heat Loss 


rcj 


[watts] 


27 


0.0 


50 


9.3 


75 


19.3 


100 


29.4 


125 


39.5 


150 


49.6 


175 


59.6 


200 


69.8 


225 


79.8 , 


250 


89.9 


275 


100.0 


300 


110.1 


325 


120.2 



* - assumes ambient temperature is 27 °C 
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FIGURE 4,1 - Isothermal Cell Performance - May 4, 1996 ^ 
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FIGURE 4.2 - Isothermal Cell Model vs. Actual Heat Loss 

Model vs. Actual Data 
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FIGURE 4.3 - Isothermal Cell Heat Loss vs. Temperature 
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Chapter 5 - Key Learnings and Insights From Simulation and Model 

What does all this modeling tell us? The specific experiment that we reviewed in 
order to develop the model can now be looked at with a greater degree of detail and 
understanding. We know that the Isothermal Cell was able to maintain a temperature 
measured by the thermocouple at between 280-290 °C. While under cartridge heater 
power it took 97-1 03 watts to maintain this temperature [our model says it should have 
taken approximately 102-106 watts]. When me hydrogen gas was exposed to foe 
filament the thermocouple reading said that the temperature was maintained at 
approximately the same level. However, in this case the filament was using onlj , 42 watts 
at steady state. If we were to estimate from the simulation model what the ^otheimd 
Cell temperature would have to be in order for its steady state heat loss to be satisfied 
with only42 watts of input power we would see that the equivalent temperature was 132 
°C It is hard to believe the cell was operating at this low of a temperature during the 
experiment since our heat loss model was well able to acutely *ack thehe* loss ; of the 
ceUfrom when the filament burnt out all the way up to 160 X with an extremely high 
degree of accuracy. While these learnings indicate that the cell was in fact producing 
anomalous heat, it must be pointed out that due to cell variability observed between 
e^aerimental^ms and control runs and also between similar experiments the accuracy of 
heat measurement in the Isothermal Cell is not fully quantified and known. Due to tie 
significant number of BLP experimental and control runs on Aeu ^thermal calomneters 
mesunimaryresmtsmgmightedm Table 3.1 it is most probable that the cell m fact 
produces St consistently. Due to the variability of the few contool studies mat were run 
by BLP demonstrating that the Isothermal cell exhibits different behavior when it is 
operating on filament power versus cartridge heater power, more control studies are 
nSfeT As discussed in section 3.1 this researcher believes that some of the variability 
between cell heating source performance may be due to the four factors described in 
Secti6n3 1 [i.e.; the relative distances between the heating sources and the thennocouple, 
etc.] Nonetheless, it is important to note that this experiment does appear to create 
anomalous heat far beyond the cartridge/filament differential calculated by mecontro 
experiments. From the heat loss model described above it appears that tins ^thermal cells 
waVable to create at least 10-30 watts of useful power even in its early development state. 

Included on the pages that follow I have outlined a proposed testing protocol for the 
Isothermal Cells which I believe will conclusively demonstrate their performance or lack of 
performance. In that protocol I recommend that the isothermal cells be outfitted with 
external temperature measurement thermistors and that a fall set of controls and 
experiments be carried out on these cells. From this work we can develop heat loss 
calibration curves under various temperature and pressure regimes. In addition, each cell 
should be blanketed with a standard jacket to reduce heat loss variability from experiment 
to experiment From a very high temperature the cell should be turned off and a heat loss 
decay model be fit to its heat loss rate over time. This empirical model can then be used as 
a second source of validation for the calculated excess energy created in the hydrocatalyuc 
reaction within the vessel 
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ISOTHERMAL CALORIMETER 
Definitive and Conclusive Testing Protocol 

SETUP: 

Develop and Install Standard Insulation Jacket [2-4" min. thickness ] 

Install 2 Internal [Top and Bottom] Thermocouples and/or Thermistors 

Install 6 External Thermistors top, bottom, each 90 degrees alternate up down 1/3 

Measure total weight, and total volume of isothermal vessel 

Develop computer controlled program to initiate steps 1-3 of each protocol 

Control Run #1 - He at 1 atmosphere 

1 Measure all relevant temperature, p re ssure parameters and time for following PTOtgCQl; 

ITSTNfi ON T V CARTRIDGE HEATER 
1 0 watts in for 1-4 hours or until steady state is achieved 
up. J? 0 ™ 6 * to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

Measure all relevant temperatur e parameters and time for following Protocol; 

TTSTlSTft ONLY 300 ™l. FILAMENT 
1 0 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 
continue..... in 10 watt increments noting all temps and time 
up to 200 watts in or until cell temps are over 400 °C 
Shut off all power and monitor temperature decline vs. time 

^ Measure all relevant t e mperature parameters and time for following protocol; 

F TffST fARTRTTMTF. HF ATFR FOR 10 WATTS THEN 

FIT AMFNT FOR NFXT 10 WATTS 

1 0 watts in for 1 -4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
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up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 

Control Run #2 - H 2 at 1 atmosphere 

} M Pa .nrP a ii r f if v^t temperature parameters fflri time for followinf protocol; 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all tcmpa and time 

up to 200 watts in or until cell temps are over 400 C 
Shut off all power and monitor temperature decline vs. time 

? m-™™ r r W ?"' tem perature parameters and timr for follow protocol; 

n ^n QNT.Y 7M Tf LAMENT 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

^ Mmmb all Tf 1 """* ^mnerpt^ parameters and time for follOW PTOtQCQl; 

r ? m r. T7TRST Ct m™™ HF.ATFW FOF 10 WATTS THEN 
yp ft ^fsrr for NFYT 1 0 WATTS 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 

Control Run #3 - He at 2 Torr 

1 M fl» W f l 1 ^leva n t temperature parameters and time for following protocol; 
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TTSTNr. ONIV r AFP ttTnflF HEATER 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 
Shut off all power and monitor temperature decline vs. time 

7 Measure all relevant temp e rature parameters and time fOT following protocol; 

ITSlNft ONT,Y ?nn rivT FTT AMENT 
1 0 watts in for 1 -4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 C 

Shut off all power and monitor temperature decline vs. time 

3 Measure alj relevant temi X Tprnre parameters and time for following protocol; 

T wff m yr r APTttrofiF HEATER FOR 10 WATTS THEN 

FIT ,^mf,nt FOR NEXT 10 WATTS . t . J 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Control Run #4 - H 2 at2Torr 

! Measure all relevant lemne r srnre parameters and time for following protocol; 

V fWa rwi V CARTRIDGE HEATER 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 
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continue in 1 0 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 
Shut off all power and monitor temperature decline vs. time 

? m-™™ *" H™"* tempera ture paramet ers , and time for following protocol; 

tt«; tnc: only H^f , fti.ament 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 C 
Shut off all power and monitor temperature decline vs. time 

\ a ii T e \ r mU™&™«™ ^meters ar,d time for follow protocol ; 

iT ^y ff ptpst r A fiTRITMrc "F ATFR FOR 10 WATTS THEN 

rr ,AM™ rr F °fr NF'^ inWATTS . . . . 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 
continue..... in 10 watt increments noting all tempsand time 
up to 200 watts in or until cell temps are over 400 C 

Control Run #5 - Near Vacuum [< 25 mTorr] 

j y^r* a 11 rdr me *""T"»*™ nullum ™<\ tiflK for follOW piOtQCQl; 

n^par. nNT.V CARTRIDGE HEATER 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 
Shut off all power and monitor temperature decline vs. time 

? M ~ w all ri fvirt te m perature parameters and time for following protocol: 

VS Wq ONT.V 100 CM. FILAT 
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10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

r Measure a , " reWant te m perature parameters and time for follOWl'tlP PlQtOCQl; 

V smn FresT c ^mmnv hf.atf.R FOR 10 WATTS THEN 

FIT .AMF.NT FOR NEXT 10 WATTS 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 



Conduct Full Experiment Series 

Repeat Series of Experiments [ie; 15.6, 15.9, 15.10, etc.] w/ 200 cm. filament to isolate 
optimal zones of operation for niaximizing excess heat generation effect Track power 
dissipation per surface area on filament 

Replace filament with tungsten of greater surface area. First increase diameters, then 
increase roughness. Assure 100% and 200-500% changes in area. 

Increase total areas of tungsten filament in reactor vessel by 1000% via curled filament 
etc. 

Use parameters above to design meaningful 1-5 kW water heater design 

and 1 -20 kW space heater design 
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PART IV - Implications for the Future 

The world energy market represents over 100 trillion kilowatthours of equivalent 
energy consumed each year and traded for well in excess of $ 1 trillion. It is clear that tfae- 
BLPprocess is in a very early stage of development and is not likely to impact this market 
m any significant way before the turn of the century. However, the experimental evidence 
reviewedand the data developed by this thesis indicates that there is an extremely high 
SSty that the effect predicted by Dr. Mills' work in his unified field dieory and the 
SCo^devices develop William R. Good and his BLP associates mthe laboratory 
Z X* major role in Suture of the energy industry. Gas and electrolytic phase cells 
Z !devfces currently capable of rfo-ngl-cnlhewl-cf l^t«^»!«t 
show promise for significant technical expansion as more focus and scientific and 
SSn^urTarebroughttobearonmetast BlackLight Power -praised 
3$TSL additional investment through its final private placement offering which will 
n^e U pos^bte for them to hire additional scientists and engineers for this v«yp^ 
^"orldomersa^ 

production of anomalous heat via test cells that incorporate hydrogen and approp^te 
Sytic materials [seeTable 6.1] While the "cold fusion s^dallhas crea^ a^gma 
which has made it difficult for the academic community to perform a complete and _ 
u^SeTaZysis of the claims the many researchers have made over the past Yew r year* it 
a^clearLt the dikeholding this ^""nation back is ate^ 
bSapshot of but a few claims that have been documented by credible scientists in 
industry and academia in the last few years. 



TABLE 6.1 - Global Reports/Observations on BLP Technology 



Journal 



Observed Data / Reported Results* 



Researchers) & 
Affiliation 



FUSION TECHNOLOGY 
March 1997 



2.500 times energy out of hydrogen, hydrogen is tost 
in reaction, new form of tigWy bound hydrogen is the 
model proposed to explain energy and loss results 



JOURNAL Of ELECTRO- Slgnmcartreat prwluc^ft^ 
ANALYTICAL CHEMISTRY observation of a dia^utrtoirrteculewah a h*»lonwbon 
(1993) and (1991) *w****9*W*t**w ****** 



3rd Conference on CoW 
Fusion. October 1992 



Significant excess heat production from cefi wUh mass spec 
data Micating a eTduetrtno molecule r>e-', tower energy 
deuterium moteeute via MBs] 



DuFour, Foos. Mfflot and DuFour 
of Shell ResearcWCNAM 

l^Booraioiredes Sciences 
Nucleates, Parts, Franoe 

Miles. Bush, LagowsM . Ostrorn 
and Mies of China Lake Naval 
Air Warfare Center Weapons 
DMsioaUS 

NTT Basic Research Laboratories 
and WRA Europe SA 



l: 



•- see footnotes 39 • 43 
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Within the next five years there will be a significant increase in awareness of the 
factual information surrounding the experiments conducted by many on hydrogen 
technologies which are taking advantage of the natural effect first observed by Dr. Mills. 
The data provided in this thesis is but a brief summary of the wealth of work that has 
already been performed in this area of science. Most academicians I have spoken with 
regarding the work of Dr. Mills and Mr. William Good are annoyingly critical and 
pessimistic before even asking to hear the details of their experiments or supporting data. It 
does not surprise this researcher that it has taken at least five years for Dr. Mills work to 
begin to gain the recognition that it needs to have for appropriate peer review and true 
academic critique. It is hoped that this thesis work will draw attention to the need for a 
balanced and open debate on the legitimacy of the BLP claims, which though they seem 
extensive are also grounded in excellent technical and theoretical research. 
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Chapter 6 - Implications for the Future and Recommended Next Steps 

A new energy paradigm will not be quickly embraced by those currently in 
decision-making positions in the energy industry. Literally trillions of dollars have been 
invested over the past fifty years in the current energy infrastructure and its early 
retirement could cause major economic disruption. However, the deregulation of the gas 
industry over the past decade combined with the current efforts to deregulate the electric 
industry have positioned at least the U.S. and much of the U.K. energy industry for the. 
major competitive forces and shifts that the introduction of a new technology like BLP 
would cause. Cogeneration and independent power producer competition have already 
ushered in the pre-competitive era for most in the electric industry while the gas, oil and 
other traded energy commodities have been fiercely competitive for some time. 
Nonetheless, there is little to gain for the established energy providers to accelerate the 
adoption of a new energy technology based upon hydrogen. Adopting a 'wait and see' 
strategy not only minimizes the risk of embarrassment should the technology prove to 
have little commercial potential, but also could stall or delay the day when the technology 
is ready and able to compete directly with the energy providers for their customers. 
History has shown that only a few in business adopt the Peter F. Drucker strategy of 
creating their future. [Drucker quote; "The only way to control the future is to create if] 
Most are content to watch it being created around them and then getting involved once it 
is clear what the winning technologies are likely to be. In the case of a paradigm shift as 
radical as the one proposed by Dr. Mills and BLP, waiting could be a devastating 
business strategy. This researcher has advised his energy company to become involved 
from the beginning and other companies should also follow this advice. Knowing how 
quickly the technology may develop and emerge best positions the energy company to 
plan for the timely deployment, divestiture and or disposition of its assets that may be 
most at risk should commercialization move on a fast or slower track. This closing 
section of my thesis however, is not dedicated to what the energy industry should do as 
next steps but rather to what BLP should do in the near future to solidify their position 
with this technology and maximize the benefits for their shareholders for the investment 
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they have made in developing this technology. The following list of recommended next 
steps is brief and succinct, but should assure BLP success in their endeavors if completed 
in a timely manner. 



Recommended Next Steps 

1 Clarify the Vision, Mission and Purpose of BlackLight Power, Inc. and 
communicate it clearly to all employees, contractors and owners. Align all 
corporate and employee goals and compensation strategies with the attainment of 
these. Identify the corporate competencies needed to execute the goals and 
mission of organization. 

2 Focus on niaxiinizing the intellectual property developed, owned and applied I by 
* BLP employees [individually and as a group]. Maximize new patent filings for 

all supportive device technologies and innovations. [If overarching patents fad, 
supporting patents will still protect the embodiments of the BLP effect in most 
apparata] Maximize the technical and journal papers published and defended 
during years 1-5- 

3 Focus on Communicating the BLP Vision, Mission and Purpose to all appropriate 
audiences and keep an adequate supply of current, accurate and appropriate 
information flowing to the media and necessary constituents. 

4 F<>cusonIdenth^and(^tifym^ . 
Hydrocatalysis and Disproportionate effects including the isolated optimization 
of each as well as their interactions with each other. [ ie; dissociation surface area, 
partial pressures -catalyst vs. hydrogen atoms, mean free path^, tenir^ture 
regimes, volumetric proportionalities, time dependence, etc.] This should be 
completed for all key embodiments gas phase, electrolytic phase, etc. 

5 Develop a self-contained, self-sustaining "Hot Black Box" which irrefutably 
demonstrates the ability that BLP has to control all key parameters and engineer 
the optimization of the effect for commercial application and manufacturing. This 
must not be left to others to develop, it should be the work and competence of 
BLP at the end of the day in order to maintain a competitive advantage in this 
field. 

6 Develop the BLP management model and compensation strategy. Hire sufficient 
numbers of management and staff with the necessary competencies to 
successfully execute items 1- 5 during the first 18 months after sufficient funding 
is achieved. 
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PART V - Reference Materials 

The data reviewed in this thesis was substantial and unfortunately only a brief 
overview was able to be provided in the limited space. Many items referenced can be easily 
obtained from the author or from a librarian. This section is devoted to making that 
exercise more simple. The reference materials have been divided into two sections. First, a 
straightforward list of all Footnotes cited in the text grouped by their section or subsection 
number is available on the next three pages. Second, where key information was 
substantial and of primary relevance to the thesis but could not be afforded adequate 
coverage in the text, Appendices were developed to provide the needed reference support 
Placing them at the end of this thesis allowed the continuity of idea flow without distracting 
the reader from the key points being made. The full list of relevant supporting appendices 
is shown on the page before they begin as the final page in Part V. 



References Provided in this Thesis 

Footnotes Pages 67-71 

Description of Appendices Pages 72-73 
Full Appendices Follow 
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DESCRIPTION OF APPENDICES 

A ppendix l. Bi p Research P ^ er* - Catalogue of Experimental Results 
This researcher compiled a log of numerous experiments and studies that had been 
performed on BLP technologies over the past 5 years. These are summarized by title, 
author, report name, date of work and subject matter in this appendix. 

A ppendix 2. An Overview of Mills Theory 

The theory of Dr Mills is rather complex in that it unifies all of the aspects of a new 
classical quantum mechanics, Maxwell's Equations, Einstein's Special and General 
Relativity as well as the fundamental classical theories and models of physics. A more full 
description of his theory is provided in this appendix. 

A ppendix 3. Tanssnn Astro n h ysi™! Ttata Calculations Verifvinp PT,P Reported 

Results „ , , . . 

Specific calculations provided by Dr. Mills in his text as part of demonstrating that data 
being collected from space is able to validate that the theoretical results of his model are 
sound have been made by this author. The Excel spreadsheet has produced the tables found 
in mis appendix. 

Appendix d. BIP/AF.I Experiments -May 1996 . . 

Atlantic Energy witnessed testing of the Isothermal Cell at the BLP Laboratories m 
Malvern, Pa. On May 4-6, 1997. The actual lab notes from that experiment and associated 
calculations done by Atlantic Energy staff to verify the results observed are provided in this 
appendix 

A ppendix S. A n alysis «f HIP Isothermal CalorimrtlY Pate 

Analysis of the Isothermal cell experiments was conducted by this researcher to see ifthe 
results that were being observed were consistent with heat loss modeling estimates. The 
actual data provided by the BLP data logger was reviewed to see if excess heat of formation 
was actually occurring. This appendix summarizes these results. 

Ap pendix «. psii Calvet Test Result and BfPQil - Pwiwlwr 1996 

This appendix contains the full research report completed by Pennsylvania State University 

pn their tests of the BlackLight technology via a Calvet calorimeter. 

Appendix 7. Jansson Calvst Tretfop Protocol 

This appendix describes the protocol that was used in the control and experimental runs 
performed in BlackLight Power's laboratory facility during February through May 1997 by 
Peter Mark Jansson., P-P..P.E. 
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DESCRIPTION OF APPENDICES [continued] 



set name is listed as well. 

Specific ma^cdmod^of^^V^ ^ ^se that a 1^ loss model 
see if to resulBthat ^^ f °^dd^Se via actual data provided by the BLP 

occurring. This appendix summarizes these results. 
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Appendix 1 - Catalogue of Relevant Publications and Experimental Results 

This appendix provides a brief overview of relevant publications and printed experimental 
results that this researcher was able to acquire, review and summarize. I have i not ™de an 
exhaustive search for electrolytic cell experimental data since rt is extremely lengthy. The catalogue 
begins on the page which follows and forms the essence of this appendix. 
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Appendix 2 - An Overview of Mills Theory 



The section which follows is but a brief description of a theory that has <^ tM y»of 
develooment work on the part of Dr. Randell Mills. I refer the reader to his complete text on -The 

PowTri Since that t me he has been demonstrating the proof of h,s theory by using it o design 
deSs proprietary catalysts to reduce hydrogen to the lower ™W tttoM™^ by 

hfs model of the hydrogen atom. This he has done successfully in many types of aPf»rata. 
Son^en?ly he has filtd patents in the U.S. and 23 foreign countries. A patent was awarded ,n 
Australia in 1996. 

Dr Mills is President of BlackLight Power [BLP]. presently a small, high technology firm and 
laboratory" located in Malvern, Pennsylvania. It is a privately held company wrth 
entrepreneurial investors but has at least two major utility owners I Pa ^~^ v ^»ton^ I u^rtfes 
and Atlantic Energy from the eastern U.S.] BLP is currently be.ng courted by additional U.S. utilrt.es 
and SrUS energy equipment manufacturers. While significant data ^expenmente 
conducted by BLP and others appear to demonstrate conclusively the reproducibility of their new 
ntaf gSn effects it would seem that the timing of their discovery [ was "^u«ve tote 
being objectively reviewed and granted widespread academy review for ^u^r^TJe 1990- 
1991 debunking of 'cold fusion' and the sharp criticism that still comes to scientists and 
aSde^ research these claims has placed a cold, wet blanket on the ho t fin** » that 
c^tinTTbe generated by the scientific team from BLP. This researcher believes that tiie Pons 
a^S l^FletsSimann experience" has increased resistance in the academic community to objectrve 
investigation of the BLP findings and claims. 

Table 2 1 in the thesis text summarizes the significant government, corporate and university 
research centers Sat have corroborated BLP's findings. At the present time the company^ > Board 
has voted to allow only one more private offering before an independent offenng^anned 
vwicu j important to note that the work developed by BLP 

to bn^bSie company to its current state of technological development has cost its pnvate owners 
Ls than a ^million dollars over the past seven years. This needs to be contrasted wrth the 
biHtoS over the past few decades for particle accelerators, nuclear research and 

investigations into the claims of cold fusion. 
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To Dr. Mills' credit his theory holds at its foundations inviolate the classical laws of physics, including all 
of those listed below: 

1] Conservation of mass-energy 

2] Conservation of Linear and Angular Momentum 

3] Maxwell's Equations on Electromagnetics 

4] Newton's Laws of Mechanics 

5] Einstein's General Relativity 

6] Einstein's Special Relativity 

His theory produces the same equation for the principle energy levels of thehydrogen atom as both 
Bohr and I Schrodinger but only Mills theory gets there through a derivation from first pnnaples. Bohr's 
model [19131 represented the electron as a point particle whose circular ortrt around thenucteus of 
the hydrogen atom was mainatained by a perfect balancing of the coulombic force ^ attraction 
(positive proton nucleus (e*) and negative electron (e) satelrte] between the two parties and the 
cetrifugal force of the electron. However, the non-radiation of the electron charge at such an orbit 
velocity led to this population being in defiance of Maxwell's Equations on elecfromagnet.cs. While his 
modelwas in agreement with the observed hydrogen spectrum it failed for 'the Mun spertrum and 
c^uld not account for chemical bonds in molecules."" Schrodinger^s model 1926] was a totally 
mathematical view of the electron which he developed based upon de Broghe's wave Postulate for 
electron motion. His famous wave equation has an infinite number of ways in which it can be solved. 
friwdeJ to create a solution for the electron he applied a boundary condition which in essence stated 
that as the radius of the electron's orbit approaches infinity [r -> » ] his wave function approaches zero 
np->01 The problems of creating a classical or physical interpretation of Schrodinger-s wave 
equation have been significant over the years and so, as a result, physicists have drifted more and 
more to a purely mathematical view of the interaction of physics at the atomic level, with no adequate 
physical description of particle behavior. This has set up a duality in the applicabo^n of the tews o 
physics The classical laws are used at the macro level but at the micro level probability and statistics 
reign "According to the Copenhagen interpretation, every observable state exists m a state of 
superposition of possible states and observation or the potential for knowledge causes the 
wavefunction corresponding to the possibilities to collapse into a definite state It was these 
difficulties in the accepted physics of quantum mechanics that led Dr. Mills to seek an alternative 
Through his theory, he sought physical laws which were exact on all spatial scales. Dr. Mills did not 
give the electron the wave nature adopted by Schrodinger and suggested by de Broglie and the 
Davisson-Germer experiment but developed closed-form calculations that use only the fundamental 
constants of physics already accepted and understood that predict these aspects of the electron. 

•f 

Table A1 below outlines the aspects of physics which Dr. Mills' theory can directly calculate with its 
closed form equations. 
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one electron atom w/ 4 quantum numbers 
the Rydberg constant 

the ionization energies of 1,2 & 3 electron atoms 

equation of the electron in free space 

electron g factor 

excited states of the electron 

parameters of pair production 

bond energies, vibrational energies, rotational 

energies and bond distances of hydrogen 
-type molecules and molecular ions 

equation of the expansion of the universe 

the masses of atomic particles [leptons, 
quarks and nucleons] 

beta decay energy of the neutron 

theory of alpha decay 



spin/nuclear hyperfihe structure 

the stability of atoms 

equation of the photon 

results of Stem-Geriach experiment 

spin angular momentum energies 

results of the Davisson-Germer experiment 

hyperfine structure interval of positronium 

Quantum Hall effects 

the Aharonov-Bohm effect 

equations of gravitation 

the gravitational constant - ~ 

the basis for the antigravitational force 

magnetic moments of nucleons 

the binding energy of deuterium 

the chemical bond energies of molecules 



Mills theory begins with the classical, fundamental laws of physi« [see 1-6 
aoDl.es a boundary condition on the electron significantly different than Schrdinger. His 
S>n Snd electron can not radiate energy at 13.6 eV. '^ mat ^ 
ta^r^Mion is that the function that describes the motion of the ^^J" 1 ^^^ The 
X Fourier components that are synchronous with waves traveling at the speed oMighL The 
Sssible solutions for the electron function are derived as a boundary value problem with the 
S^^^ boundary condition.^ By using only the classical laws of physics, 

^SSS^Z Siis one new boundary condition [NOTE: this boundary condition is essenhaMy 
S to Satisfy Maxwell's equations] a totally new view of the electron emerges. The resuK of 
Z^^SSS^Lo t e^s to the unification of an of the standard dassk»l ^ofph£'<*- 
^e can be solved mathematically, discretely and without the need to ^^^^ . ft . 
gauging constants developed by presently accepted quantum theory .n order o 9*™*^ « 
obse^ate Dr Mills caHs this new electron perspective and new classical view an electron 
t^^lS'oS^ solution to the electron's mathematical function produces many 

the features described by Mills' theory the reader is referred to pages 22-26 of Dr. Mills text 



V 
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TABLE A.2 - The Electron Orbitsphere 



bound electron orbitspheres are described completely by a charge-density [mass-density] function 
that can exist only at specified distances from the nucleus 

the function which totally describes an electron orbitsphere's motion is composed of two functions 
1] a spin function and 2] a modulation function 

electron orbitsphere radii are calculated by setting its centripetal force equal to the electric and 
magnetic forces of the orbitsphere 

the electron orbitsphere behaves like a resonator cavity capable of absorbing photons of discrete 
frequencies [solutions to Maxwell's equations for excitation modes in this cavity give rise to 
four quantum numbers] 

excited electron orbitsphere states are unstable because the incoming photon disturbs the charge- 
density function creating a doublet function that has spacetime Fourier components 
synchronous with waves travelling at the speed of light, thus it is radiative 

the photon is an orbitsphere with electric and magnetic field lines along orthogonal great circles 

when an electron orbitsphere is ionized its radius goes to infinity and it becomes a plane wave 

atom's energy is stored in their electric and magnetic fields, chemical bonding occurs when the total 
energy of the atoms can be lowered by forming equipotential orbitals with geodesic 
motion and the nonradiative boundary condition can be met 

lower electronic states exist below conventional [n = 1] ground state, hydrogen atoms can react with 
a catalyst having a net enthalpy of 27 eV inducing them to electronically relax and decrease 
their radii with the emission of electromagnetic energy consistent with each of their change in 
total energy state [ie; electric and magnetic field energies] 



This thesis will not review the many mathematical formulations and proof calculations of Mills theory 
which is fully elaborated in his text. However the following illustrations may help the reader grasp 
more succinctly the new orbitsphere model proposed by Mills. Figures A.1 and A.2 below 
represents a physical view of Mills' model of the electron orbitsphere a spinning, two-dimensional 
spherical surface. 
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FIGURE A.1 

Figure 1.4 B. The current pattern of the orbitsphere shown with 8.49 
degree increments of the infinitesimal angular variable Aa(AC) from the 
perspective of looking along the x axis. 
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Figure 1.4 C The current pattern of the orbitsphere shown with 8.49 
degree increments of the infinitesimal angular variable Aa<Acf) from 
perspective of looking along the y axis. 
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FIGURE A.2 



Fieure 1 4 A. The current pattern of the orbitsphere shown with 8.49 
degree increments of the infinitesimal angular variable Aa(AC) from the 
perspective of looking along the z axis. 
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In closing this overview of Mills' theory it is important to note that while the scientific community has 
been searching for a more classical unified field theory that could stand up to rigorous mathematical 
scrutiny for some time, there has not yet been a widepread review of his work by academia. The 
few academic reviews that have ben made on the merits, potential flaws or criticisms of Mills' work 
have come out glowingly in favor of his findings. This researcher believes that because Dr. Mills' is 
an outsider and not considered an expert in these fields that it will take much longer for his work to 
be widely discussed in academic circles. Mills theory is compelling and may offer just what Albert 
Einstein was looking for when he uttered his famous words denouncing the then emerging quantum 
theory "God does not play dice with the universe'. 

APPENDIX 2 FOOTNOTES 

[Ail Mills RandeU L, "The Grand Unified Theory of Classical Quantum Mechanics", BteckUght 
Power. © September 1996, Library of Congress Cat No. 96-70686, ISBN 0-9635171-2-0, p. 7 

1a21 Mills Randen L, ^eG^nVuniTied Theory of Classical Quantum Mechanics", BlackLight 
Power, © September 1996, Library of Congress Cat No. 96-70686, ISBN 0-9635171-2-0, p. 9 

rA31 Mills RandeH L, "The Grand Unified Theory of Classical Quantum Mechanics", BlackUght 
Power, © September 1996, Library of Congress Cat No. 96-70686, ISBN 0-9635171-2-0, p. 22 
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* - Raw Extreme UV Background Spectral Data 



SOURCE: Labov, S., Bowyer, S., "Spectral observations of the extreme ultra violet background", 

The AstrophysicaJ Journal, 371. (1991), pp. 8710-61 9 | 1 

— - Raw Extreme UV Solar Spectral Data I 1 I I 
SOURCES: Thomas t RJ., Neupert, W.M.. Astrophysical Journal Suppiement Series, Vol. 91. (1994), pp. 461-462 
Maftnovsky, M., Heroux. U Astrophyskal Journal, Vol. 181. (1973), pp. 1 009-1 030 - Figures 1a-d I 

Noyes, R., The Sun. Our Star, Harvard University Press. Cambridge, MA. (1982), p. 172 - Figure 7,5 | 
PhBips. J.H., Guide to the Sun, Cambridge University Press, Cambridge, Great Britain. (1992). pp. 118-1 19, 
120-121.144-145 | I I I | I 

— - Other Raw Extreme UV Spectral Data I I I 
SOURCES: Bowyer, S.. Science. Vol. 263, (1994), pp. 55-59; Fossi, B.C.M.etal., Astrophysical Journal, Vol 449, 
(1995), pp. 376385 I I I I I I 



Page 2 



THIS PAGE BLANK (uspto) 




PTIOJECT-^^^ B 



mi 



Notebook No. 




Continued From Page . 



c 

c.. 




1 



■ • > M ! 



4*1 eel 



4/ 





^1 





I. 



1 i 
i . ! 



i I 



.1 




Co 




i ! 1 

I ! ! 

i j I ,1 



_«r. 




i i 1 1.1. i J dooM - ^ & 



1 i«w Vvrii 



ye. 




I ! I ! i : 




-U 



I j ! i M 



k V J ' " V\ ^1 ^ •J^T. iv) I Continued on Page 

Read and Understo^By 




PROJECT 



Notebook No, 



Continued From Page 



I i 



6& 




<2w 



I ■ i 



i i 



<v.v 



*i7 



: t 



77 



j. ..J - - 




f«.|; : - \\gzf^f* r r ' 






O K. 




! J' 



Continued on Page 



* Read and Understood Bv - 

P. 



At. 




62 

PROJECT. 



<4 

oteboolCNo 



Continued From Page . 



5", 



i 

S 

1.: 

ti 



I ! 




0»n 



I ! 



I 



CJOFft 



«. ! 



! ! 

I i 

I I ! 

i I ! 



.sBtr 




ri | | f 



t 1 
I I 



i i 




PROJECT 



Af\LkMT\L F. T csF 



Notebook No. 



Continued From Page - 



6: 




Continued on Page 



Read and Understood »y vn 







•r. 

4 



f 




1£ 



50 
5> 



3* 



ft 



4» % 



t 



THIS FAGE BLANK mm» 




The following is a list of the column headings and their meanings for the PEC 
data spreadsheet 

Column 1, Tm.ets.0-lh. time in seconds for each data point from the initial time 
(To) when the data acquisition system was started 

Column 2, Room Temperature-room temperature measured on the data acquisition 
board 

vessel 

Column 4, Watts-wattage going into «*« l ^^f« 
(depending on which it is connected to) at each of the data pomts 

Column^^^^ 
hours. 

Ex. 5 0sec(x)i™n/60sec(x)lte/60rrun=50/3600(hr) = 0.0Uho»rs 
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BLP Isothermal Cell Model Chart 2 



Isothermal Cell - Gas 1500-2000 mtorr 
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Dear Peter, 

Here is the data for the isothermal calorimeter which you requested. I 
tried to give you the most complete and representative data for our work on 
the isothermal calorimeter. The data includes one control and one 
experiment for a short (66 cm) tungsten filament, and also one control and 
five experiments for a longer (200 cm) tungsten filament. Varying diameters 
of tungsten filament were used for the 200 cm experiments and these 
diameters are noted. Other variables and data are listed under each 
experiment number (15.x) and description. 

If you have any questions about the data, give me a call. 



Sincerely, 




Stev Bollinger 
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SUMMARY 



Tests for heat production associated withhvdrino formation were carried outjrith two 



a 




modified 



trials between 10 and 20 K Joules were generated « « - ~~ ■ ■ „ 1a tinum 
approximately 10"3 moles of hydrogen to the 20 cm 3 «vrt^oo^i^^J«m 
foment and KN0 3 powder. This is equivalent to the ^^^^fj 1 ^^^^ 
compared to 2.5 MO^J/mole of hydrogen anticipated ^^^^oTl^TZ 
the Sheats generated appear to be two orders of ^^^S^im^mSlh must be 
conventional chemistry, butthe results are completely consistent ^^ m^B^ ™™ 
SdSiat although the results presented in this 'report ^^^J^^^^J^ 
verification. Moreover, it should be noted that some control studies are **»*«3g~ ]aZRa 
Also included is a brief report on an attempt to repbcate ^C^vrt cellresults on a larger 
scale using** water bath calorimeter (described & some deteil ^^Znh^Led to a failure 
Unfortunately, no evidence of 'excess heat production' was found, ^.^^^^e 
to maintain the catalyst ions (K> ) in the vapor phase. » SSSSSSaS^ is 
KNO3 catalyst evaporated from the containing pot at toe reactor cen^, where me ^mperauire 
Wghfand de^siteTon the reactor walls, which are cold due ^ mm ^X^lTw^) 
Jor^eter^aterbath. (That is, the catalytic matend ^^^v^^^VvS bath, 
Indeed, at the conclusion of the experiment, when the reactor wasremovefl ^^^^twSch 
ttewaUs of the quartz reactor weredbserved to be white in the general vicinity of the pot wiucn 
contained the KNO3. 
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INTRODUCTION 

Experiments were conducted to test the hypothesis that in the gas phase potassium ions will _ 
catalyze the conversion of hydrogen atoms to hydrino atoms. These experiments were initially 
carried out in a Calvet cell as this type of calorimeter is highly sensitive and accurate. Moreover, 
the conditions of the calorimeter are controlled. 

RM's theory of hydrino formation requires that both K+ ions and H-atoms are present in 
the gas phase. In order to generate gaseous K+ ions, KNO3 is placed in a small (2cc) quartz 
'boat 1 inside the calorimeter cell. The boat is heated, to increase the vapor concentration of KNO3, 
with a platinum filament, which is wound around the boat A second function of the platinum 
filament is to generate H-atoms. It is wdlTcnown that hydrogen molecules in contact with a heated 
filament will decompose, yielding a relatively high H-atom concentration in the boundary layer 
around the filament Thus, according to RM's model, in a cell containing KNO3 in the boat and 
vapor phase hydrogen, there is a small region in the boundary layer around the heated metal 
filament which should contain sufficient concentrations of both H-aloms and K+ ions for hydrino 
formation to occur. 

Calorimetric considerations require that a stable baseline exists before the heat generating 
process is initiated. Thus, signal change away from the baseline can be correlated to the onset of 
the process under investigation. In the present experiments the cell was run with KNO3 in the boat 
and the filament fully 'powered'. The calorimeter was allowed to equilibrate until a steady baseline 
existed The 'hydrino formation 1 process was initiated by then adding gaseous hydrogen. Good 
calorimetric practice also requires that adequate control studies be carried out Also required are 
repeated electric calibrations. 

In the present work, data is presented which indicates that significant heat evolved upon the 
introduction of hydrogen to the Calvet calorimeter cdL In contrast, no heat was evolved upon the 
admission of helium. Repeated calibrations were also conducted Thus, it appears that The RM 



hypothesis is supported by the present results.. A more definitive statement must await repeats of 
these experiments, and the results of a few additional control experiments. 

An attempt was also made to employ the water bath calorimeter (see previous report to 
HPQ to detect excess heat Indeed, the positive results of the Calvet study present a staggering 
challenge to conventional physics. Challenges of this magnitude require enormous experimental 
support Thus, evidence of excess heat production from a second type of calorimeter would be 
useful Unfortunately, the experiment failed to yield any evidence of excess heaL However, there 
is reason to believe that catalyst concentration was low and thus the failure to observe excess heat 
does not disprove the MiU's hypothesis. 

EXPERIMENTAL SYSTEM 

r^raoTimefer . The Calvet-type calorimeter employed in this study is similar to one 
described in the literature (attached) and is also described in earlier reports to HPC(now BLP). In 
essence a stainless steel cup of almost exactly 20 cirf volume is placed in a calorimeter well such 
that the cup is surrounded by thermopiles on its sides and bottom. The cup and calorimeter are 
surrounded by a thick layer of insulation, and the entire device is placed inside a commercial 
convection oven. In all cases experiments were conducted with the oven temperature set to 250 C 

Reaction^ For these experiments the top of the calorimeter cup/reactor cell was fitted 
with a Conflat knife edge flange. The top element of the flange is connected to a gas supply 
system outside the convection oven with a 0.5 cm OD ss tube, and with two welded vacuum high 
current copper feedthroughs. The feedthroughs woe connected on the cup side of the flange to a 
coiled section of OgS mm platinum wire approximately ISc minl^gfc. Rtted inside the coiled 
platinum was a small quartz boat into which 200 mg of powdered KN03 were placed. 

Plumbing. On the outside of the oven the gas feed through is connected to a line leading to 
hydrogen and helium tanks, a pressure gauge, and a standard vacuum roughing pump. It is 
notable that the gas lines were all well insulated, both inside the oven, and for about 50 cm outside 
the oven. 



The plumbing system was so arranged that the cell could be evacuated, and then isolated 
from the pump in such a way that hydrogen or helium could be added directly from high purity gas 
tanks. Great care was taken before the experiments were initiated to evacuate and Hush the gas 
lines several times. It was also determined that the lines held gas pressure, with no loss in 
pressure, for several days. That is, there were no leaks. 

Water Bath Calorimeter. This instrument is described in detail in the previous report to 
HPC Two minor modifications were made for the present experiment First, to facilitate the 
decomposition of hydrogen, the center section of the mandrel was wrapped with a 60 cm length 
(about 8 cm of mandrel) of 0.25 mm diameter platinum wire. Second, in the center of this section 
the same quartz boat (again filled with about 200 mg of catalyst) used in the Calvet system, 
wrapped with the same coil of platinum wire, was inserted into the circuit (The experiment 
described was carried out after the completion of the Calvet system experiments.) 

RESULTS 

Calvet Calorimeter. The Calvet studies suggest large amounts of heat are generated upon 
the admission of hydrogen to the cell. In contrast, virtually no heat is observed upon admission of 
helium to the cell. 

Calibration. The first tests performed on the Calvet system were electrical calibration 
experiments. The system was set-up for full experimentation: KNQ3 was in the boat, the system 
was evacuated, and 10 watts of steady power were supplied to the platinum coil. After a steady 
baseline was achieved (approximately 10 hours after the oven was adjusted to 250 Q, the cell was 
isolated from the pump and the pressure allowed to equilibrate (approximately 100 Torr). This did 
not appear to impact the baseline in any fashion. The power supply was then adjusted to deliver an 
additional lAvatt(ll watt rather than 10) for a specified time period. The power was then returned 
to the original 10 watt setting. A typical response curve is shown in Figure 1. The area under the 
response curve can be used to obtain a calibration constant which relates signal area increase to the 
number of extra Joules delivered. This was done in four cases (Table I). As can be seen, there is 
some error (+/- 15%) in the calculated calibration constant 
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Control Studies. Helium was admitted, approximately 10 psig, to the cell to test the impact 
of a change in pressure, and heat transfer characteristics on the response of the cell The helium 
was admitted after the cell had been isolated from the pump for a considerable time and a steady . 
pressure (approximately 100 Torr) achieved. As can be seen in Figure 2a, the response was a 
short-lived small increase in output signal, followed by a relatively short time period during which 
the signal gradually returns to the original baseline. Within an hour the signal returned to the 

original baseline, with some drift evident 

The response of the system is expected. The helium increases the rate of heat transfer away 
from the platinum filament, and heated boat Thus, the initial addition of helium to the system 
results* a temporary increase in the amount of heatracWng the thermopiles. That is, the boat 
^^fii^<^i^^m such time as the boat and filament havereached their new steady 

s^rn^^ artifanCti ° n ° f hCat 

mechanism. After the admission of helium most heat transfer is occurring by convection to the 
walls. Before the admission of helium a considerable fraction is by radiation. Radiative transfer of 
10 watts requires a higher filament/boat temperature than does convective heat transfer. 

Figure 2b illustrates again the impact of adding pressure, or removing gas, from the 
system. Upon the addition of helium there is a very short lived increase in heat reaching the 
thermopiles. Upon pumping there is a period of time, perhaps an hour, during which the heat 
signal goes below the baseline. This is consistent with the model in that pumping makes 
convective and diffusive heat transfer minimal. Virtually all heat transfer is by radiation, which 
requires that the filament/boat temperature increase. It takes some time for this new steady-state 

tempCTature to be reached 

nvdm f en Admission. Hydrogen admission was carried out in much the same fashion as 
helium admission. The cell reached an equilibrium pressure, approximately 100 Torr, and then 
hydrogen at 10 psig was admitted to the cell. The valve to the hydrogen source, which was a steel 
line 4 meters by 0.6 cm OD, was closed off by a valve in front of the regulator during admission. 
Moreover, it was open for only a couple of seconds in each case. This was done on three separate 



6 

occasions, and the signal that evolved in response to these three processes is recorded in Figures 3, 
4 and 5. One other observation recorded was that the pressure decreased gradually over time, such 
that after about an hour the pressure returned to the original equilibrium pressure of the cell. It 
must also be noted that the heat production was ended deliberately in all three cases by pumping the 
system to 5*10" 3 Ton. It is clear 'excess heat' evolution would have continued in all cases if the 
system had not been evacuated 

It is expected that in the absence of reaction that the response of the cell to the addition of 
hydrogen would be similar to that observed for helium. Indeed, given that pressure measurements 
suggest that most hydrogen is adsorbed, or in some other fashion removed from the cell after an 
hour, even heat transfer effects should be totally transitory. Even in the event of reaction no more 
than a small heat signal is expected Indeed, a high end estimate is that 25 cm 3 of hydrogen at a 
temperature of 300 K and a pressure of 2 atmospheres entered the cell. This is equivalent to 2*10* 
3 moles of hydrogen. If all of that hydrogen interacted with oxygen to form water only 5 10 J 
would be generated It is possible to imagine that the hydrogen could interact with nitrogen in 
KNO3 to form ammonia. Even less energy would evolve from this process. Thus, the largest 
heat peak might be expected to be 0.5 watts for 1000 seconds (approx. 17 minutes). A block of 
this size is marked on Figure 3. 

It is clear from figures 3, 4 and 5 that hydrogen admission to the cell apparently leads to far 
more energy evolution than can be explained by any conventional chemical process. It is 
interesting in this regard to graphically contrast the response of the system to helium admission to 
the response to that for hydrogen admission. This is done on Figure 6 in which Figure 3 and 
Figure 2a are superimposed 

Water Bath Calorimeter. Studies conducted with the water bath calorimeter do not indicate 
the evolution of any excess heat As shown in Figure 7 the increase in temperature almost exactly 
parallels the increase predicted on the basis of the amount of energy added to the system and the 
known heat capacity of water. 
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Do the results of the experiment refute the RM hypothesis? No. At the conclusion of the 
experiment the large cell was removed from the water bath and a white coating was seen on the 
wa]lsmthevidnityofthepotwruchcontainedtheKN03. This suggests that the KN0 3 was - 
rapidly cryopumped by the walls, and that the gas phase concentration of catalyst was too low to 
be effective. 

DISCUSSION 

The evidence presented in this report clearly suggests that an extraordinary phenomenon 
takes place upon the admission of hydrogen to a cell containing a heated platinum filament and 
KNO3. This phenomenon appears to generate a tremendous amount of 'excess' heaL Still, the 
author of this report urges that a cautious approach be taken at present Additional experimental 
work is required. A partial list of proposed additional experiments is given below. 

1) A control experiment consisting of admission of hydrogen to a cell in which 10 watts of 
power is applied to a platinum filament, but no KNO3 is present 

2) Hydrogen is admitted to a cell containing a platinum filament and KNO3 in a boat, but 

no power is applied to the filament 

3) The experiments are run as described in the present report, but the boat containing 
KNO3 is at the bottom of the cell, rather than in the center of the platinum coiL 

4) The hydrogen admission experiments described above are repeated BUT continued for 
times sufficient to return the signal to the original baseline. 

In addition, modifications in the apparatus should be made. First, insulation should be 
added to improve the stability of the baseline. Second, a quality pressure gauge should be attached 
to a known volume outside the oven such that all uncertainty regarding the number of moles of 
hydrogen admitted to thecell can be eUminated. Third, the plumbing should be re-arranged to 
facilitate 'capture' of gas for analysis using gas chromatography. Fourth, provision should be 
made to permit pressure to be recorded as a function of time. 
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CALVET HEAT MEASUREMENTS OF THE HIGH TEMPERATURE VAPOR 

PHASE CELL 



A number of experimental observations from BlackLight Power and Pennsylvania State 
University lead to the conclusion that atomic hydrogen can acheive fractional quantum states 
that are at lower energies than the traditional "ground" (n= ) state which form the baas of a 
new hydrogen energy source. Certain inorganic ions which are proprietary to the BlackLight 
Power serve as transition catalysts which resonantly accept energy from hydrogen atoms and 
release the energy to the surroundings. The reaction of hydrogen to lower-energy states is 
referred to as a transition reaction. The transition catalyst should not be consumed in the 
reaction. It accepts energy from hydrogen and releases the energy to the surroundings. Thus, 
the transition catalyst returns to the original state. And, the energy released from hydrogen 
atoms is very large compared to conventional chemical reactions including the combustion of 
hydrogen. Multiple cycles of catalysis are possible with increasing amounts of energy with 
successive cycles of transitions. 

The goal of this project is to perform precise Calvet calorimetric measurements of a 
hydrogen gas energy reactor wherein the predicted exothermic reaction of electronic transitions 
of hydrogen to lower energy states could be measured This new reaction occurs in the gas 
phase of atomic hydrogen. If successful the experiments should produce statistically agmficant 
excess heat much greater than any known chemical reactions for hydrogen. The experiment will 
also vary the size Pength] of the platinum filament used in the reactor to dissociate the hydrogen 
molecules to make hydrogen atoms available for the anticipated catalytic transition to reduced 
energy states. The intent wffl be to demonstrate that heat generation from this reaction will be 
directly related to available hydrogen atoms, which should be generated at different rates by 
varying filament size while keeping all other controllable parameters constant [ie; filament 
temperature, partial pressure of the catalyst, partial pressure of the Ha gas, vessel temperature 
and pressure, etc.] 

Vapor Phase Energy CeD „, J 

The hydrogen gas energy reactor wherein the exothermic reaction of hydrogen occurs m 
the gas phase comprises a vacuum vessel; a source of hydrogen; a means to control the pressure 
and flow of hydrogen into the vessel; a material to dissociate the molecular hydrogen into 
atomic hydrogen, and a transition catalyst. The hydrogen transitions occur by contact of the 
hydrogen with the transition catalyst such that the resonant energy transfer occurs. The 
catalytic reaction rate is maximized in the gas phase. The gaseous transition catalyst includes 
ions that sublime, boil, and/or are volatile at the elevated operating temperature of some regions 
of the gas energy reactor. In this project, the source of hydrogen atoms in the gas phase 
comprises an external tank of pressurized hydrogen gas at room temperature conditions. 

Volatilized Transition Catalyst, K* /K* , in a Gas CeD for a Calvet Calorimeter 

The transition reaction occurs in the gas phase. Gas phase hydrogen atoms are 
generated with a high purity platinum filament. The general cell schematic is shown in Figure 1 . 
The cell comprises a 20 cc stainless steel vessel capable of containing a vacuum or a pressure 
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above atmospheric. The cell is maintained at an elevated isothermal temperature by a forced 
convection oven. The operating temperature of the convection oven [and gas cell when no 
filaments are energized] is 250°C. The cell is used in the vertical position and is inserted into a 
thermopile [13]. The flange [4] is sealed with a copper gasket [8] that has had its surface 
oxidized and softened by direct heating with a propane torch or ovea The flange has a'two 
hole Cohax-Buffalo gland [6] for the leads [5] of the filament that is present during the 
calibration of the cell and varied in length for the experiments 1-3 of the reaction vessel. The 
flange [4] also has a 1/4" vacuum port through which the hydrogen is passed. The vaccum port 
connects to a Tee [3], a OE bellows valve, a pressure gauge, and then the hydrogen supply. 
The elbow port of the Tee [3] is attached to vacuum gauges, a bellows valve, and then a 
vacuum pump. The filament is platinum wire [0.25 mm. diameter] of 99.99% purity. The 
lengths of the filament [and resulting surface areas] are varied 20cm, 10cm and 30cm for 
experiments 1 through 3 respectively. 

A small ceramic vessel is secured at the base of the Calvet cell [by a nickle wire stand] 
which contains the catalyst potassium nitrate (KN03). A vacuum is pulled on the cell while the 
oven is brought to operating temperature. The appropriate power is dissipated in the filament at 
an established rate calculated to keep the filament surface temperature constant [lOwatts for 
20cm., 5 watts for 10cm., 15 watts for 30cm.] The oven maintains the surrounding ambient 
temperature at 250°C. The catalyst's vapor pressure is observed as a function of temperature, 
and once Calvet cell reaches its steady state output at the supplied input energy, the vacuum 
pump is stopped and the catalyst pressure within the outlet tube [3] is observed to be constant in 
the range of about one-hundred to two-hundred torr. Hydrogen gas is then added to the cell to 
bring its overall total static pressure including the hydrogen pressure measured in the outlet tube 
[3] by the vacuum gauge to be 3 times the stable pressure of the catalyst (KNO3). The data is 
recorded with a Macintosh based computer data acquisition system (Apple Quadra 800) and the 
following National Instruments, Inc. hardware: Lab-NB Data Acquisition Board; Back-Plane 
with amplifiers: (2) 10 mV to 5 V and (2) 50 mV to 5 V. 



NOTE: Minor Edits to Figure 1 below need to be made. 



Fioure 1 Schematic of the Gas Cell for the Calvet Calorimeter and Cross Sectorial View of 
tf5 Calvet Calorimeter. 1 - (1/16)" OD stainless steel tube (to hydrogen^ supp*), 2 - 
stainless steel tee union, 3 - (1/4)- OD stainless steel tube (to vacuum manrfold), 4 - cell 
lid 5 - filament leads, 6 - Conax-Buffalo gland. 7 - precision resistor, 0.1 mm OD 
ungste lament, ornickel hydride filament treated with catalyst 8 -copper nng gasket- 
9 - cell body, 1 0 - Calvet Calorimeter, 1 1 - thermopile signal output, 1 2 - thermal shunt, 
1 3 - thermopile, 14 - insulated calorimeter base. 
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Sequence of Controls and Experiments 



Control #1 

Install 20 cm Platinum [Alfe] filament, 0.25mm diameter in Reaction Vessel 
Warm up oven Temperature 250°C. 
Filament input wattage = 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 
Stabilize Oven and Vessel Temperature to 250°C. 
Close all valves and vacuum pump. 
Inlet H2 gas to 650 ton pressure. 

Run Calibration #1 through full sequence allowing Calvet Cell to reach steady state output 
for each power level shown below: 

0 watts, 10 watts, 11 watts, 5 watts, 6 watts, 15 watts, 16 watts, 0 watts, 1 watt. 
Develop •BEFORE' Calibration Curve. 



Experiment #1 

Install New 20 cm Platinum [Aldrich] Filament [99.99% purity], 0.25 mm diameter 

Weigh approx. 0.25 grams of KN03 and place in ceramic boat 

Support boat via nickle wire support legs 

Reassemble reaction vessel 

Pressure check Calvet and all gas & vacuum lines 

Insulate Calvet Calorimeter dose oven 

Warm up oven Temperature 250°C. 

Filament input wattage = 0 . 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 

Close all valves and vacuum pump. 

Stabilize Oven and Vessel Temperature to 250°C. 

Observe catalyst vapor pressure steady state [100-200 torr] 

Begin Experiment #1 by Increasing Filament Power Level to that shown below: 

10 wstts 

Inlet Hi gas to bring vessel to 3 times overall catalyst steady state pressure. [Ie; if catalyst 
pressure is 200 torr add 400 ton of H2 gas to bring Calvet to 600 torr. 
Wait 5 minutes for mixing to occur. 

Slowly vacuum down Vessel to 30-70 mtorr level until excess heat formation commences. 
Keep Vessel under vacuum to maintain 'active' pressure regime fie; 38 mtorr, 70 mtorr, etc.] 
Stabilize Readings and Develop Experimental Data Curves. 
SaveOata Acquisition System [DAS] file dairy, using the same standard naming 
convention: tpdate[mmddyy] time[930a] watt[7w] id[h] 

Take 1 or 2 new data points [controls] to develop specific curve after reaction ceases. 
OPTION 1 : Close valve to Vacuum to quench reaction if required. 

OPTION 2: Repeat experiment if it is believed that catalyst pressure is inadequate or hydrogen 
atom generation is compromised 
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Experiment #2 

Install New 10 cm Platinum [Aldrich] Filament [99.99% purity], 0.25 mm diameter 

Weigh approx. 0.25 grams of KN03 and place in ceramic boat 

Support boat via nickle wire support legs 

Reassemble reaction vessel 

Pressure check Calvet and all gas & vacuum lines 

Insulate Calvet Calorimeter close oven 

Warm up oven Temperature 250°C. 

Filament input wattage = 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 

Close all valves and vacuum pump. 

Stabilize Oven and Vessel Temperature to 250°C. 

Observe catalyst vapor pressure steady state [100-200 torr] 

Begin Experiment #1 by Increasing Filament Power Level to that shown below: 

MetHz gas to bring vessel to 3 times overall catalyst steady state pressure. [Ie; if catalyst 
pressure is 200 torr add 400 torr of H2 gas to bring Calvet to 600 torr. 

Wah 5 minutes for mixing to occur. 

Slowly vacuum down Vessel to 30-70 mtorr level until excess heat formation coinmence* 
Keep Vessel under vacuum to maintain 'active' pressure regime pe; 38 mtorr, 70 mtorr, etc J 
Stabilize Readings and Develop Experimental Data Curves. 
Save Data Acquisition System [DAS] file daily, using the same standard naming 
convention: tpdate[mmddyy] time[930a] watt[7w] id[h] 

Take 1 or 2 new data points [controls] to develop specific curve after reaction ceases. 
OPTION 1 • Close valve to Vacuum to quench reaction if required. 

OPTION 2: Repeat experiment if it is believed that catalyst pressure is inadequate or hydrogen 
atom generation is compromised 



Experiment #3 

Install New 30 cm Platinum [Aldrich] Filament [99.99% purity], 0.25 mm diameter 

Weigh approx. 0.25 grams of KN03 and place in ceramic boat 

Support boat via nickle wire support legs 

Reassemble reaction vessel 

Pressure check Calvet and all gas & vacuum lines 

Insulate Calvet Calorimeter dose oven 
Warin up oven Temperature 250°C. 
Filament input wattage = 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 

Close all valves and vacuum pump. 

Stabilize Oven and Vessel Temperature to 250°C. 

Observe catalyst vapor pressure steady state [100-200 torr] 
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Begin Experiment #1 by Increasing Filament Power Level to that shown below. 

15 W3ttS 

Inlet H2 gas to bring vessel to 3 times overall catalyst steady state pressure. [Ie; if catalyst 

pressure is 200 torr add 400 torr of H2 gas to bring Calvet to 600 torr. 

Wait 5 minutes for mixing to occur. , 

Slowly vacuum down Vessel to 30-70 mtorr level until excess heat formation commences. 

Keep Vessel under vacuum to maintain 'active' pressure regime [ie; 38 mtorr, 70 mtorr, etc.] 

Stabilize Readings and Develop Experimental Data Curves. 

Save Data Acquisition System PAS] file dairy, using the same standard naming 

convention: tpdate[mmddyy] time[930a] watt[7w] id[h] 

Take 1 or 2 new data points [controls] to develop specific curve after reaction ceases. 
OPTION 1 • Close valve to Vacuum to quench reaction if required. 

OPTION 2: Repeat experiment if h is believed that catalyst pressure is inadequate or hydrogen 
atom generation is compromised 

Control #2 

Install New3 20 cm Platinum [Aldrich] filament [99.99% purity], 0.25mm diameter in Vessel 
Warm up oven Temperature 250°C. 
Filament input wattage = 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 
Stabilize Oven and Vessel Temperature to 250°C. 
Close all valves and vacuum pump. 
Inlet H2 gas to 650 torr pressure. 
Vacuum down to 40-100 mtorr range. 

Run Calibration #2 through full sequence to steady state at each power level shown below: 
0 watts, 10 watts, 11 wans, 5 watts, 6 watts, 15 watts, 16 watts, 0 watts, 1 watt, [add any new 
points determined via Experiments 1-3 then repeat sequence above] 
Develop 'AFTER.' Calibration Curve. 
Compare Calibration Curves "Before' and 'After' 
Analyze and Report on Results Based upon above 



final revised 12 April 1997 

developed by: William Good - BlackLight Power 
Peter Jansson • Atlantic Energy 






CR-100 T Thenr»oeleefcrtc Enclosure 



The series CR-1O0 Microcalorimeters provide an accurate 
measurement of radioisotope heat release rates. 
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PRINCIPLE 



The thermal gradient eslorimeter transfers all the 
heat developed in a reaction to its surrasiding beat 
sink at a constant temperature. The calorimeter 
wails thermoeiectrically transduce sample heat 
release into an electrical signal which is tiirectiy 
proportional to the . energy release of the soiree. 
Transient as well as steady state energy releases 
may be measured. 

FEATURES 

• Whote body heat release measurements 

♦ Microwatt to kilowatt sample output 

• High sensitivities and repeatability 

♦ Linear output 

* Transient and steady state response 

• Wide temperature rage 

* Simple *favsitu* recaCbration 

>* 

• No excitation required 
SPECIFICATIONS 



WtoSQGGto 3 



to 15 rnBTiwatts per m3ivolt 



Cryogenic to 6QQ°F 



tOsec. to 10mtn. 



to 1Q*ton\ 



i range: 
1QQto7500Q 



to 05% 



0.01% 



not required 



Aluminum, stress 



. copper, composites 



The calorimeter walls are composed of a thin, 
temperature thermopile structure containing 
thousands of junctions. Che set of junctions is in 
thermal contact with 
o% wall surface, and 
the other set is in con* 
tax with the opposite 
strface. As heat flows 
through the walls, 
(fig. 1] a temperature 
difference is estab- 
lished between both 
sets of thermopile 
junctions, thus gener- 
ating a voltage which 
is directly proportional 
to the teat Sow. The 
large number of ther- 
mopiles develop extreme sensitivity to rrm&e heat 
flows. Calorimeters are constructed in a range of 
designs incorporating large sample chambers for 
high heat fluxes (cover) or small sample chambers 
capable of measuring low heat releases (figure 2). 



Sample — 
Chamber Wifl 




Thermoelectric Dements 



CALORIMETER UttiL SECTION 



Rgire 1 



S cja* 'Co w 3oct&< Thermopiles 




Sensittay: 2J5to3uOrt>*caWsecoiaflow* ttatsUs 
SaiH»NDUCTO&THe&U&£CTO^ 



CALIBRATION 

Each calorimeter is calibrated at a base tempera- 
ture of 70° F by a known, electrical heat soiree in 
thermal eqtilibrium with the system. 

The calibration constant is expressed in terms of 
wattage input versus millivolt otfcput. A tempera- 
ture correction curve is also supplied for use at 
elevated temperatures. 



Figure? 



The CR-100 Series calorimeters are designed to 
measure both mierocaioric aid macrocaloric heat 
release from pure or mixed radioisotopes. The 
magnitude of the generated signal is strictfy pro- 
portional to the mean intensity of the san^te. 
Otter applications include: physical, chemical and 
biological thermogenesis, specific heats, heats of 
fusion and reaction. 

EXAMPLE OF 
OPERATION 

Reactive materials are placed in a suitable cxiraainer 
within the calorimeter sample chamber and permit- 
ted to reach equafcrum To decrease the equffibri- 
um time, it is desirabte to heat sink the container to 
the sample chamber wail. The ratorimeter should be 
situated "m a constant temperature environment 
coded either by gas or fiqtsds. The tffne required lor 
the caiorroeter a s sembl y to attam thermal e^iBbrv 
um is a fuKrion of the cxridLEtivtty and size of the 
sample, the thermaJ contact at the sampie chanrtber 
waR, calorimeter wafl characteisDcs, aid the exter- 
na! cooling rate. 

At thermal equilibrium, the output signal vw8 reach 
'a mean steady state value which is proportional to 
the total heat release from the sample. With tte 
known calibration constant (miirrwatts/mifDvdt] . trie 
total heat liberation rate is accurately determined. 
For radioisotopes with mean decay rates greater 
than calorimeter response time, the signal is pro- 
portional to ratioisotope sampie decay (Figure 3). 
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MICROWATT 
DETERMIMATIOIMS 

To measure microwatt heat flow accurately, it is 
necessary to provide a stable, cooling environment 



However, most c ons tan t temperature cociff^fefifi 
exhibit small fluctuatisns which may generate 
signals the same order of magnitude as^tftc^se 
produced by tte sarnpte. To avoid this large riSse 
to signal ratio, a temperature OTnpensafced- enclo- 
sure has been developed Figure 41. Tte double 
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cup system contams both an active and passive 
chamber having matched sensitivities in opposSien. 
This, spurious, external temperature fluctuations 
are compensated for, and only tfce teat release 
from the'-sample source is detected. 

COIVIPEISIS^FEO . 

SPECIFICATIOWS 



T -6" ©ia.x 1-12" Depth 



Rgure4 



Ahgnran. co mp osite s , semkxanductoreterofftts 



CsSb^stioflc 

1%Acc 



^am|tip ^lumiipr foatcfasitp 
Within 1/2% 



10-750QQ 



K/Btivott potentkn^BV^OTte- 



Ambient temperature operatkm/Constant 
temperature bath 





STANDARD MODELS, SINGLE CHAMBER 



Model 
Number 


Internal Dimensions 


External Dimensions 


Accuracy 

% 


Sensitivity, 
Milliwatts 
per Millivolt 


Nomina! 
O&tpot 
Resistance 


Temperature 
P 
(Hotel) 


63% 
Response 
lime, Min. 


Diameter, 
In. 


Depth, 
ta. 


Diameters, 
In. 


Length, 
In. 


CA-1G0-1 


1 


1 


3 


3 "'■•] 


1% 


15 


4 


250* 


1 


CA-100-2 


2 


4 


4 


6 


1% 


15 


10 


250* 


1 


CA-100-4 


4 


8 


5 


12 


1% 


250 


2000 


600 


3 


CA-100-8 


8 


16,32 


9 


21 


1% 


250 


4000 


600 


3 


CA-100-C 


Custom 


Custom 


Custom 


Custom 


1% 


250 


Varies 


600 


Varies 



* Models CR-100-1 and CA-10O-2 are also available for 600°F operating temperature at reduced sensitivities. 



READOUT 
INSTRUMENTATION 

Suitable readouts for all CR-100 models include: millivolt 
potentkjmeters/recorti©^ data loggers, or conventional O.C. 
mrKtvott meters. 

ORDERING INFORMATION 

DeSvery ; S-8 weeks, ARO 

Shipping weight — 5 to 200 fcs 

Terms net 30 days to estabfehed customers 

FOB Del Mar, California 



OTHER ITl THERlWIAi. 
INSTRUMENTS 

Thermal Corujuctivity Apparatus, Heat flux Meters, HEAT- 
PROBE™. Accelerator target Calorimeters, Radiometers, 
Thermal Rux Standards. 
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1%" Height 
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Reacting 
Material 



.V 4 " Outlet Tube 



V Inlet Tube 
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Insulated Lid 




3Y 2 " 



Aluminum Body 



Thermal Shunt 



Signal Leads 



Thermopile Walls 



Carrier Gas 
Inlet to Reacting 
Material 



Figure 1. Scale Drawing of Calorimeter Assembly 
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